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1. WORK UNIT .INTEGRATION 

The mission of the Naval Submarine Medical Research 
Laboratory (NSMRL) is to conduct research on problems affeciing 
the U. S. Navy and Marine Corps with particular emphasis on the 
submarine fleet. The goal is to enhance the performance, health, 
safety and readiness of Naval and Marine Corps personnel. 

In pursuit of this goal, NSMRL is conducting research in 
four areas; auditory and visual displays, hyperbaric physiology, 
improvement in patient management and medical problems in closed 
environments. 

Charts 1, lA-5 demonstrate program and work unit 
organization, flow and integration. Solid lines and boxes 
indicate currently active and funded work units. Broken line 
boxes indicate either newly proposed programs or the integration 
of new proposal in the current program areas. 

AUDITORY AND VISUAL DISPLAYS (CHART 1) 

This research thrust aims primarily at increasing the 
intelligibility of sonar displays. It is investigating the 
incorporation of the discriminatory, integrative, and detection 
abilities of the human auditory and visual systems in 
potentiating the interpretation of the physical information 
content of sonar signals. Research includes investigations on 
the effects of color coding, alteration on computer displays, 
alterations in the processing of sound signals, signal 
digitization, and analysis of the physical characteristics of 
the sonar signal. 

The proposed program (CHART LA) on periscopes is intended to 
increase the capability for visual periscope information 
processing. 

HYPERBARIC PHYSIOLOGY (CHART 2) 

A disabled submarine may well have air leaks, may 
deliberately.pressurize a compartment or be partially flooded, 
thus increasing its atmospheric pressure. During rescue crewmen 
could be subjected to the effects of oxygen toxicity from the 
effects of breathing high pressure oxygen or decompression 
sickness resulting from a too rapid change from a hyperbaric to 
normobaric environment. Research in this program area is 
concerned with the establishment of optimized decompression 
tables for submarine rescue scenarios (operational saturation 
diving), establishment of no-decompression limits (NO-D) 
applicable to such operational diving activities as special 
warfare, salvage and hull repair. This research program includes 
a new work unit for FY90 on the development of hearing 
conservation standards for diving operations. 
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IMPROVEMENT, I.N PATIENT MANAGEMENT (CHART 3) 

Most submarines carry no medical officer. Patient care is 
entirely in the hands of the independent duty hospital corpsman. 
NSMRL is currently involved in research which will enhance his 
abUi ty to manage patients by providing computer programs which 
will improve his ability to diagnose and treat patients. 

MEDICAL PROBLEMS IN CLOSED ENVIRONMENTS (CHART 4) 

This research area is more a proposed research thrust 
rather than an entity in being. A strong case can be made for 
the need for such a program. Submarines have unique closed 
industrial atmospheres. Although outside review (NAS, DoD Live 
Fire Test Program) have highlighted extensive and perhaps 
critical knowledge gaps in this area, there is presently no 
full-time Navy medical responsibility for atmosphere research. A 
dedicated research program in this area could beneficially 
address recognized military operational problems relevant to both 
normal and abnormal atmospheres. 

A particularly important subject requiring further research 
is the area of fire retardation and suppression in submarines. 
Submarines operating under ice would be unable to surface in the 
event of a fire emergency. Fire suppression techniques 
available for this scenario would include, atmospheric 0 
reduction, N2 overpressure and atmosphere monitoring to achiev~ 
safe breatha5le levels after a fire. All of the above solutions 
would have effects on crew performance, mental acuity and 
decision making. No emergency standards currently exist which 
would relate crew performance capability with submarine 
atmospheres radically altered by emergency operational fire 
scenarios. 
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CHART 3 

6.3 IMPROVEMENT IN PATIENT MANAGEMENT 
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FY90 lol:lRK UNIT LIST 

1498· TITIE 

61153N MR4101 001 5014 Cell culture 1OOdelin;J of brain 
associative 

63706N M0095 005 5010 Sea trials for 0CIJP,lter-base medical 
diagnostic/patient management system for 
use aboard SSN/SSm sul:rnarines 

63713N M0099 OlA 5012 Medical prct>lems associ ated with 
pressurized snbnarine rescue 

65856N M0100 001 5003 Enhanced perfonnance with visual sonar 
displays 

65856N M0100 001 5001 Auditory sonar 

63713N M0099 Ole Develcpnent of a general hear:in;t
OOI1Sel:Vation standard for divin;J 
operations 

65856N M0100 001 Digital signal prooessin;J for auditory 
sonar 

61153N RR4209 001 
ONR 4424207 

v.A GAV600(90)5-88001 

Auditory classification based on the 
identifiability of caJplex sti.nI.ll.us 
features 

Psydlqilysical pzOCEdures for auditory 
1JlElaSJreS with naive subjects 
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II. Nm' STAR!' (A) 

A. TI'r.LE: AIlditoIyclassification of sonar signals 

B. HlORmD ~ EUMENI'/TASK TITIE: 6.2 Human Factors 
Technology Program 

c. STA'lUS: New start (First prqxlSE!d FY90)jTransition 

D. HlORmD STAR!' D!\TE: FY91 

E. OBJECI'IVE: To enhance classification of transient sonar 
signals. 

F. RATIONAIE: It is becanin;r in::reasin;r1y :inportant to 
classify transient sonar signals. Olrrently, this task is 
best perfo:tmed by trained listeners. HoWever, a trained 
listener is not able to atterrl silmlltaneoosly to the 
!IIlltiple sources of sonar information available at a given 
nanent in time. A description of h.ow' trained listeners 
classify sonar signals coold be used to develop algorithms 
for cx:.up.rt:er recognition of these sounds. '!his algorithm 
'<IOUl.d allOil7 a IlDre cx:uplete analysis of sonar information 
than is currently possible. M::lreaver, the lllnited operator 
time available coold be used for listenin;r IlDre carefully to 
the llDSt inpJrtant signals. Several methods of ~ 
this prd:>lem are Ul'X3er stu:iy, l::ut none that atteupt to !lDdel 
the mechanism that is best at the task - the human ear. 

'!he PLcposed 1ro'OL'k wcW.d address three questions towards 
solvin;r the prd:>lem of classifyin;r sonar signals. First, 
'tIbat are the perceptual categories used by listeners ani h.ow' 
reliably do listeners use these categories? second, h.ow'do 
these categorizations cxmpare with these used by algorithms; 
can these categories be used to train better algorithms? 
'lhird, Wich acoostic features define the perceptual 
categories? 

G. TEOINICAL APPR:ll\CH: NUSC has collected a library of 
transient signals. Trained sonar operators will be asked to 
listen to these signals ani gLQlp them into categories of 
their own chcosin;r. Reliability of each irxtividual's 
jn"lgJlPnts ani consistency of categories across list:eneLs 
will be used to define lIIEIalli.n;rfu perceptual categories. 
SUbjects will also rate each signal along a binazy dimension 
Wich is cuneutly bein;r used to train a cx:.up.rt:er algorithm. 
'!he follOil7in;r cpastions will be answered: 1) can the 
perceptual. categories be used to predict the ratin;r 
j1)jgupnts?, 2) is there information in human ratin;r 
jnct;prents that is not" used by the cx:.up.rt:er algorithm?, 3) do 
the perceptual. categories contain the information that the 
CCIIplter algorithm is missiT¥}?, ani 4) can the CCIIplter 

9 



algorithm perfonn better by trai.ni.n; to the perc:eptual 
categories? 

Atte!tpts will be made to identify specific aCXJUStic features 
which define the perceptual categories an::l ratin;J judgments. 
'Ihe features used by current algorithms will be tested as 
well as any features suggested by li.stenin;J to the 
categories. Prior resnrdl. SlqJeSts that the anplitude 
envelq;lE! may be iDp::>rtant; classification data will be 
=llected usin:] stinuli with only the signals' envelopes 
preserved to detennine which categorizations can be made 
usin:] the envelq;lE!. A secon:i possibility is to use an 
analysis/synthesis technique to generate a m:xtified st:i.nrulus 
set for classification. 'Ibis technique is known to produce 
perceptually similar stinuli, bIt with sinpler sthtuli. It 
'NOUld be easier to identify features fran this alternate 
signal set. ~reover, these signals can be m:xtified to 
provide tests of the i.np)rtance of certain features. 

H. EXPECTED POOWCTSfUSERS: 'lhese results wo.il.d be used by 
NUSC to develop classification algorithms. 

I. OIHER OlQNIZATICN(S) INVOLVED: NUSC an::l SUBSCH)L 

J. FUNDING RJUJIRED BY FISCAL YFAR: ($000) 

FY91 FY92 FY93 FY94 

In-House Personnel/overhead 150 155 160 165 
Contracts 20 20 10 5 
Equipnent 20 20 10 5 
SUWlies 7 7 7 7 
Travel 3 3 3 3 

Tot:al 200 205 190 lS5 

K. PE&SOONEL RJUJIRED BY FISCAL YFAR: 

FY91 FY92 FY93 FY94 
onboard Maqlower Available 

Militaxy Officers 
Militaxy Enlisted .2 .2 .2 .2 
Civilian .4 .4 .4 .4 

Total .6 .6 .6 .6 

Idlitional ~ Required 
Militaxy Officers 
Militaxy Enlisted .2 .2 .2 .2 
Civilian GS-1So-1l/12/13 .4 .4 .4 .4 

GS-1550 .6 .6 .6 .6 
GS-1Sl-5/1/9 .6 .6 .6 .6 

Tot:al 1.S 1.S 1.S 1.S 
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II. rmq S'mRIS .(B) 

A.-'VITIE: Audito%Y detectability of signals subject to 
lIiaskin;J 

B. PROKSED PROGR1IM EliMENI'/TASK TITIE: 62758N Perfonnance 
AssessmentjEnha 

C. 5'IMUS: New start (First prcposed FY87) 

D. PROKSED STARl' mTE: FY9l 

E. OBJEX::l'IVE: To clevelq:> an algorithm to predict the 
detectability of sonar signals am audito%Y alanns. 

F. RATICNAIE: A variety of tasks perfonned by naval 
personnel require that audito%Y signals be detectable in 
adverse aooustic environments. 'lhe prcposed 'w'Ork will 
specify what signal-to-noise ratios are neoesS3%y to 
adlleve detectability as influence:i by the spectral 
prq:>erties of the signal am the extraneoos interferin:] 
stimJli. 'lhe 'w'Ork will provide useful guidelines to 
system design ergineers as to whether the signals they 
are dealin:] with are detectable by ear. 
'lhe plO :sent prcposal sugJeSts awlications to 'b;o 
prcblems of inp:>rtance for the sllhnarine forces. 'lhe 
first prcblem is that of acx:urately predictin:.J the 
detectability of audito%Y sonar signals. 'lhe 
specification of such detectability levels, also kn:7.m 
as NRD values, is of tactical value in detenni.nin3' 
q:>erational limits of the sonar equipnent. 'lhese NRD 
values are currently detennined in at-sea trials am 
plblished for use by the sllhnarine q:>erational forces. 
'lhreshold values c:btained fran at-sea trials, however, 
are time-ocnsumi.rK am limited in their ability to 
recreate a variety of targets am 1:lackgrQm:i. An 
altemative is to use a predictive JD:ldel, based on 
scientific data on audito%Y perfozmance, that specifies 
hew the detect:ability of audito%Y stimJli deperds on 
specLtal cilaracteristics of the signal am the 
1:lackgrQm:i. A validated JD:ldel of detect:ability, one 
that is fcun.i to predict values c:btained in at-sea 
trials, walld provide an inel!pensive am more acx:urate 
means to predict detect:ability in the variable tactical 
settin;Js EIIXnlIltered durin:] deployments. '1hi.s 
awlicatiat can also irx:l.ude the deteJ:mination of the 
detect:ability of own ship. In aaiitiat, a JD:ldel of 
detect:ability ooold be used durin:] the design of sonar 
systems am hull shapes to explore efficiency of various 
plOcposa1s prior to prototypin:]. 

A seccn:l awlication is for the design of alann signals 
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in any of the Sllhnarine 0CIIpartment:s. ~ on the 
acoustic environment in the cx::aparbDent, certain alann 

'signals may be more or less effective. 'Ihe lIIOrlcwill 
provide guidance for ~ alann signals at 
decreased levels relative to current levels. A decrease 
in alann levels can increase the usage of these warnin:J 
devices by cperators since lower levels are less aversive 
ani interfere less with other aOOitozy tasks. 

G. TEXllNICAL~: Dr. Roy Patterson fran the MRC 
/\Wlieel. Psydlology unit in Great Britain has develc:ped 
an algorithm to predict the det:ectability of signals in 
the pz ;senoe of interferin;J stiJIuli, ani has develc:ped 
numeroos alann signals based on the predictions of his 
algorithm. nus lIIOrlc was oc:n:iucted for militazy 
awlications, primarily to address prOOlems enoountered 
by helicopter pilots. 'Ihe awroach has proveel. extremely 
valuable for inprovin;J pilots' perfonnanc:e in tactical 
settin;Js ani has also been ext:en:3ed to more general 
settirgs, such as hospitals. Other awlications are 
bein;J pn:su.ed in conjunction with several NA'1O 
countries, iIx:l1.ld.in;1 canada, the Netherlanis, ani West 
Gennany. Dr. Patterson has expressed interest in 
~rJd.n,J with our laboratozy to explore awlications of 
interest to us. 

In coosul.tation with Dr. Patterson, we will awly his 
algorithm to sonar signals to examine how well the 
algorithm estimates the threshold NRD values of sonar 
cperators. since it is not necessazy for Dr. Patterson 
to know specifically the signal spectra, there will be 
no security conc:erns associated with his involvement in 
the project. CCltparisons will be made between the 
predicted thresholds ani those ciJt:ained in at-sea trials 
to detenni.ne the r.m;}e of applicability of the lIXldel to 
sonar detection. Shore-based testin;J may be used to 
c::atplement the at-sea data ani to D¥Jdify .Patterson' s 
algorithm if neoessazy. 'Ihe primazy goal will be to 
develq> a more efficient ani CXlIpLehensive method to 
dJtain NRD values tllrol;jh the CXIIbination of an efficient 
detectial estimation algorithm with SIlRllemental 
shore-based testin;J. If suocessfUl., a seoondaxy goal 
will be to ilIplement a dynamic estimatial method to be 
used cn-line durin;J deployments to provide the slltmarine 
ClCIIIIIaIXEr with accurate current detectial r.m;}eS. 

An adiitialal goal is to develq> better aOOitozy alann 
signals. First, sllhnarine personnel will be interviewed 
to identify caniidate alann signals that are currently 
ineffective or annoyin;J. 8alar cperators have already 
in:ticated prOOlems with the totpedo alann, I::ut adiitialal 
infozmatial will be gathered al the use of alams outside 
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the SOI)ar shack. . Secon:i, bac:kgrrurn noise levels will be 
reoorded in the areas in whidl the alann is to be used, 

.. an:i a signal synthesized that is ~riate for that 
. backgra.lrx:l. Finally, the resultirq alann signal will be 

CXIIpiU'ed to current alann signals, an:i re;) IIIIen:lations 
will be made based on both laborat:oJ:y an:i cperational 
evaluations. 

H. EXPECtED ImruClSfUSERS: 'nIe validated lI¥:ldel. of 
audito:ry detect:ability in noise envirorments can be used 
by NUSC, cx::MSUllIlEI1R-12, an:i the cperational snhnarine 
forces as IoIel.l as sonar system designers an:i en;Jineers 
perf~ a.clOOStic-quietin;] tasks. 

I. OIHER OIQNIZATICNS INVOLVED: MRC Aa;llied Psydlology 
Unit (Great Britain), cx::MSUllIlEI1R-12, an:i SSEP. 

J. FUNI>m:; ~ BY FISCAL YFAR: ($000) 

FY91 FY92 FY93 FY94 

In-House Persamel/OVeIhead 
Contracts 
Autanatic Data Processin;J 
EquipJent (task fImded) 
Miscellaneoos 
EquipJent (general pnpose) 
Miscellaneoos 
Milita:ry OJnstruction 
Special Projects 

Grand Total 

150 
30 
10 
30 
10 
10 
10 
o 
o 

250 

165 
30 
10 
30 
10 
10 
10 
o 
o 

265 

K. PERSOONEL ~ BY FISCAL YFAR: 

Onboard Maqx:Jwer Available 
for this Work 

Milita:ry Officer 
Milita:ry Enlisted 
Civilian (GS-

Milita:ry Officer 
Milita:ry Enlisted 
Civilian 

GS-180/665-11/12/13 
GS-181-5/7/9 

Total 

o 
o 

.8 

o 
.4 

.8 

.4 
2.4 

13 

o 
o 

.8 

o 
.4 

.8 

.4 
2.4 

180 
30 
20 
20 
.10 
10 
10 
o 
o 

280 

o 
o 

.8 

o 
.4 

.8 

.4 
2.4 

195 
30 
20 
10 
10 
10 
10 
o 
o 

285 

o 
o 

.8 

o 
.4 

.8 

.4 
2.4 



II. NEW S'I7IlUS (e) 

A.TITIE: Bioctlemistzy of stress Proteins: Toward 
Prediction and Protection fran Hazards of Navy 
qJerational and EnviLOlliilelltal stressors 

B. mo~ l'KlGRAM EI»IENI'/TlISK TITIE: 
61153NjMR04120jMR0412002 (Clinical Medical Scieooes) 

c. S'l1\'lUS: l'KlGRAM EXPANSIOO 

D. mo~ STAR!' mTE: FY91 

E. OBJECl'IVE: Investigate the medlanism of action and 
bioctlemistzy of stress proteins that are elaborated as a 
response to Navy operational and environmental 
stressors. 

F. RATIOOAIE: CUrrent nethods for the evaluation of the 
effects of environmental stressors are 1:imited by the 
requirements for extensive an:iJnal am;or human studies, 
prolon:Jt!d exposure periods, insensitivity of results, 
iniefinite or nultiple ern points and large expense in 
laboratory costs. 'Ihese expedmental restrictions 
preclude any att:el!pt at broad spectrum analysis, 
evaluation, and unierstandin:J of biological and chemical 
hazards faced in military envirorllllents. A new research 
tedux>logy which can provide a rapid, sensitive 
methodology for studyin1 the basic cellular medlanism by 
which biochemical signals and toxic materials exert their 
effects if required to meet this need. At the present 
time, the u. s. Navy does not possess this capability. 

Mamnal ian cells subjected to a variety of environmental 
stressors such as heat and cold shock, glUCXJSe, and 
oxygen deprivation respcn:i to these stressors by 
inhibitin1 the synthesis of ncmoal. proteins and begin 
synthesizin1 a subset of proteins which are collectively 
called "stress proteins". 'Ihese proteins are 
evolutionarily highly conserved and are fam:l in low 
aJID.lIlts in J'XlIl-stressed cells. 'nIe principal stress 
proteins thus far elucidated are major heat shock 
proteins. 'Ihese various proteins are primarily 
c:yt.cplasmic and nuclear/nucleolar in location and their 
genotypic expr rsion is considered to be a furx::ti0il of 
their cellular location. 'nIe principal stress proteins 
thus far described are cilserved at awroximately 28, 34, 
56, 70, 76, 89, 97, 110 and 170 RDa. A recent 
hypothesis has been pL' p:l6ed which postulates a specific 
J:hYsiological role for stress proteins and SU;.ye=.-ts that 
these proteins aid in the transport of glcbJlar proteins 
t:hrt:A.tgh cellular Jllt!lli>J:ane barriers. 
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Additional stuiies have shewn that when oells are 
··J'pze stressed" ani then reexposed a stress protein (hsp 
. 10) may be prrxJnryrl to protect the oells fran further 

damage. Consequently, ~ the mec::hanism of 
the oellular stress response will provide 1I¥)re 

specificity than current ncn-specific Wicators of 
stress such as catedlOlamines ani corticostericxls. 
No wIk has been done investigatin;J the role of stress 
proteins in divin:] scenarios. Results of recent work at 
this laboratory in develcpin:] oxygen tolerant manmal ian 
oell lines as a lI¥)del of oxidative stress has led to the 
postulate that stress proteins may be elaborated un::ler 
ooniitialS of hyperoxic or de· "Iuession stress. '!he 
program prcposed will establish the presen::le of these 
proteins ani seardl for differerx:es in patterns with 
different stressors. '!he identification of these markers 
could have ~lication in screenin;J stressed Wividuals, 
may be used in the prediction of sustained performance 
assessment, ani may lead ultimately to production of 
therapeUtic ccuntenneasures of performance decrement. 

G. TEXllNICAL APlRlAClI: '!he first two years of this three 
year program will be corx:mned with the validation of 
the ocu::ept of stress protein elaboration in stressful 
oxidative ani deoc'Jrpression E!lqlClSUreS by usin:] NSMRL 
develcped oonnal. ani oxygen resistant 1M1I'I!IiI1 ian oell 
lines. stan::1ard oell assays for viability, gnM:h, mA, 
ani protein measures will be used. Two-dimensional gel 
electrqilOresis will be used to demJnstrate subsets of 
stress proteins. '!he third year will be designed to 
transition wIk to 6.2 Exploratory Develcpnent by usin:] 
the tedmiques develcped in the first two years. 'lhese 
tests will be ~lied to (1) human fibrd:>lasts, which 
will be exposed to in vitro ooniitialS of oxidative ani 
cleo "lot sion stress ani (2) red blood oells dJtained 
fran Navy divers durin:] sinllated dives. 

H. ElIPi!X!lliD m:lIlJCl' (S) fUSER(S) : 

1. A new state of the art awroach will be develcped to 
predict, assess, ani treat the respcllSe to stress in u. 
S. Navy cperati~ enviruliilellts. 

tm:RS: Naval medical CXJ!lllmity to aid in diver ani 
sul:Jnariner health ani safety, deoc'Jrpression prooednres, 
ani to maintain sustained cperatialS in rootine ani 
special warfare cperatialS. 

I. 0lHER CR;ANIZATICHl INVOINED: '!his pto;tam will use the 
scientific resources of both Navy laboratories (NSMRL, 
NMRI) ani cutside ocntractors to fOCl.lS on methods ani 
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pzocedures to detect stress proteins in the Navy divin:} 
CXJll!lmity • '!be results of this zesearch has awlication 

<in the mission of the Special Forces, Divin:}, ani Medical 
CXJll!lmities • 

J. ~ Required By Fiscal Year: FY91 FY92 FY93 

In-Hoose Personnel/OVerllead 140 145 180 
Contracts 10 15 10 
Au1:.aDatic D:lta Processin:} 0 0 0 
EquipEllt (Task F'l.Imed) 

GEL Elecb:q:i1oresis 8 0 0 

SUbtotal 158 160 90 

EquipEnt (General PuI'pose) 
Miscellaneoos 10 10 10 
Liquid Scintillation Colmter 0 40 0 

SUbtotal 10 50 10 

Militazy ConstJ:uction 0 0 0 
Special Projects 0 0 0 

Gram Total 178 255 200 

K. Personnel Required by Fiscal Years: 

Onboard Manpower AVailable 
for 'Ibis Worlc FY91 FY92 FY93 

Militazy Officers (total) .2 .2 .2 
Militazy Enlisted .2 .2 .2 
Civilian (total) 2 3 2 

MtitiCllal. Manpower Required 
for 'Ibis Worlc 

Militazy Officer(s) 
Militazy Service Corps 
(2300/0840) .8 .8 .8 
Civilian Teci1 GS7-9 .8 .8 .8 
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II. NE.W STARl'S (D) 

A. . ... TITIE: BIOLOGICAL uncrs OF TRANSMITl'ING SCNARS 

B. PROPCSED m:lGRAM EI»lENl'/TlISK TITIE: 63713N M0099. OlC 
Diver Health am Safety 

C. S'IMUS: NeW start 

D. PROPCSED STARl' DATE: FY9l First proposed FY88 

E. ct>jective: '!he researdl effort will examine the effects 
of exposure to sonar transmissions emanatin;J fran all 
active sonars currently in use as well as these to be 
deployed in the near future by the U.s. Navy, in order to 
delTelq> safe clist:aD::e div~ stan:1a:rds fran the sonars. 
In aatition, it will detennine the nature of the 
bio-hazards which oould be enoountered when divers are 
exposed to the sonar transmissions. 

F. Rationale: OJrrently employed transmittirg sonars 
aboard Naval vessels vary widely in their oot:pIt 
dlaracteristics am intemed use. Ultrasonic sonars 
such as the AN/SQQ-l4, AN/SQQ-30 am AN/SQQ-32 
oountenn:ine series are used for mine detection am 
classification, whereas sonars with oot:pIts in the 
audible frequeooy rarge such as AN/sa:;-23, AN/sa:;-26, 
AN/sa:;-53 am ANfB,2Q-5 are used for lon;J rarge detection 
am classification of sub-surface vessel activities. '!he 
sonars also differ in their transmittirg power capability 
as well as employ~ differ~ q>erational frequencies. 
Collectively, the transmitt~ sonars used by Naval 
vessel s are capable of inj~ signals (u"£,osed of a 
myriad of CCIIiJinations of anplitudes am frequeooy 
o "liOOel'lts into t:h¢.r aqnerus environs. '!here has been 
little investigation of the possible hazardaIs effects of 
exposures of divers to these sonar transmissions. 

'!he paucity of relevant infomation was recognized by 
NA~, am NSAP was requested by them to furJ:l a 
study aimed at prcv~ guidelines cr:n::ernin:J safe 
di~ distances fran mine huntin;J sonars, am the 
potential biOOazards associated with uroerwa.ter exposure 
of EXlD divers to ultrasonic sonar transmissions. '!he 
NSAP taskin;J was given to NSMRL (NSAP Task ~l-86, 
Safe Div~ DistaIDas). Researdl CJI,".eJOed 1 OCT 86 am 
a final report was sul:mitted to the NSAP office, White 
oak, MD, 27 SEP 87. unforbmately, the data oollected 
am extrapolated urDer the NSAP taskin;J only begins the 
process of elucidatin;J the potential.bio-hazards 
associated with uroerwa.ter exposure to sonar 
transmissia1S. 
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'Ihe NSAP funded research ooncemed itself only with 
.• ultrasonic mine huntin:J sonars which qJerate at a DJJdJ. 

. higher ran:Je of ~ies than these E!IIployed by IOOre 
co .111. 8j suI:tlunt sonars. Also, the taskin] required that 
we detennine c::onsezvative safe div~ distance 
n:cx:allIe()jations as'they awly to EX>D qJerations. 'lhese 
qJerations usually take place at considerable distances 
fran the transmitt~ sonar transducers, with exposure 
time limited by the duration of the mine de-activation 
task. 'Ihe ultrasonic nature of the coont:ennine warfare 
sonars enabled prudent standards for exposure limits to 
be determined us~ predictive JOOdel~ techniques. 
'lhese were derived fran extrapolations fran the vast 
library of infozmation ~ the effects of 
exposure to clinical diagnostic am therapeutic 
ultrasourn. 'Ihe NSAP ~k provides little guidarn! 
directly awlicable to the potentially hazardous effects 
of un:lerwater exposures to high anplit.ude audible (lC7N) 
frequency sonar transmissions. No co~ data 
base of bianedical effects at these relatively lC7N 
frequencies exists apart fran that ooncemed with 
hear~ c::onsezvation. Finally, even for ultrasonic 
sonars, our direct ~k yielded little infozmation or 
predictive guidarn! ~ the possible bio-effects 
fran an additive effect of repeated acute or continuous 
chronic high aJlplit.ude ensonification, or fran possible 
interactions bebieeJ'l ensonification am the dlan;J~ 
levels of gas saturation which ~d be anticipated in 
asceniin;J or ~ divers. 

As larg as divers are presented in the water when active 
sonar is in use there is a caUse for oancern for their 
safety am well~. 'lhese coooerns extern beyoni :roo 
divers to other militazy divers 'NOrld.n:j in areas where 
sonar is in use, or where tests are ~ c:xnruct:ed. 
hklitionally, the Navy III.ISt also be concerned for the 
safety of civilian sport or salvage divers who may be 
inadvertently subjected to high power active sonar 
ensonification. '!be answers to the questions 
encarpass~ diver safety in waters where active sonar is 
in use are of such paraIlDl!lt am universal inportance 
that it issuzpris~ to fiM such a scarcity of relevant 
infozmation. 

G. '1'edlnical~: In general, boo main systematic 
awroad1es will be used. One cq:proadl, us~ human 
diver subjects, will focus on the effects of acute sonar 
ensonification am the ensuin;J degree of threat to Navy 
am civilian divers. '!his nsearch will be primarily 
direct:ed ta.rard elucidation of the biological risks which 
are anticipated as a matter of starxJard qJera~ 
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---------------------------------~~~~------~----------------------------------~ 

procednres ani ~l answer questioos that directly 
oc:n::em diver health ani mission readiness. 'lhe secc:ni 
-~ will ·focus on the assessrent of bio-effects 
. prndIred by acute, repeated acute ani dlronic high 
anplitude ensonification of laboratozy specimens 
incll.ldiI¥] animal-derived tissue ani blood sanples as 
'Nell as cultured cell specimens. ~e the first 
awroach will yield expedient answers to questioos 
c:::oncemin;J safe div~ practices in typical qlE!rat~ 
soenarios, the tissue ani cellular experin&ltation will 
alla.r us to deterlIIi.ne the predicted absolute limits at 
which hazardoos bioeffects of sonar ensonification wa.tld 
be anticipated. 

'lhe technique to be used for assess~ the damag~ 
potential of sonar ensonification on human divers will 
enploy st:an::lard hearin;J conservation methodology, ani 
stress telemetric techniques. Because the cochlea is 
believed to be the mst sensitive organ to high 
anplitude vibration, an assessment of the predictive 
indices of hear~ loss by UOOel:water sonar stinulation 
is prOOably the mst sensitive ani conservative measure 
of IilYSiological damage possible. In the hear~ 
conservation studies, divers will be exposed to sonar 
frequeJx:y stinulation at reversed-irx:remental distances 
fran the sa.JrCe transducers at vary~ depths. 
TeI!poraJ:y auditozy threshold shifts will be cxtrpared to 
those dJtained at 1 A'lM air to deterlIIi.ne if damage risk 
criteria cbt:ained at 1 A'lM also hold true for sul::merged 
divers. In other experiments divers will be 
telemetrically DDnitored for d:lan;Jes in respiration, 
heart-rate, blood pressure ani d:lan;Jes in blood oxygen 
saturation as a meilsure of stress as a function of 
distaooe fran art:pItin} sonar transducers. 
Additionally, blood ani urine sanples will be chemically 
analyzed for cated:lolamines ani other sLt s related 
neurdnmm's. Finally, the results of these experilllents 
will be analyzed ani integrated in order to establish 
conservative safe div~ guidelines for general 
qlE!rational use. 

In order to develcp an 1.IOOerstan:lin of the 
relationships betWeen UOOel:water aooostic exposure 
ocniitioos ani the production of IilYSiological damage 
it is neoessaJ:Y to use small, ~iate ani easily 
maintained specimens which can be subjected to 
ensonification levels high enoogh to produce biological 
effects ani damage. Biological effects will be assessed 
as a function of frequeJx:y ani anplitude of the 
ensonify~ stinulus as 'Nell as the clegJ:ee of gas 
saturation irdred by fluc:tua~ at",lSpberic 
~ mre. 'lhese studies will be ocn:hIcted so as to 
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allow the investigation of both the prilnary effects. of 
the ftequency of the stiJDJl.ation, its anplitude, ani the 

.. equivalent at,.. SIi:eric pressure of the medium as well 
as the interactions CIlIlCn3" the three variables. All 
ensonification exposures will be conduct:ecl. usin3" a 
portable ensonification bioeffects testin3" facility 
which will allow manipllation of stiJDJl.ation frequency 
ani anplitude, ani which can be ported into a hypemaric 
chambP.r for control of ann. sp-:eric pressure. Followin3" 
the sonic exposures we will e.vami ne the preparations for 
disruptions or damage which may have been caused by 
acoustic stressors (e.g., transient cavitation, acoustic 
mic:rostreamirq, rectified diffusion, etc) usin3" electron 
microscq;lic ani other ultrast:J:uctura1 analysis tedlniques 
as well as tests of Plysiological functionin3" develqlE!d 
at this laboratol:}'. 

H. EXPECTED PROIXJCl' uSERs: NAVSUPDIVE, NAVS~, 
NA~, SUBIANT, SUBPAC, NWIGPAC, NAVSFA CXX:, 
CNSP, ani NAVMEDCl:M. 

I. OIHER CR:;1INIZATICH; INVOLVED: None 

J. FUNDING REQJIRED BY FISCAL YFAR: 

FY91 

In-House PersonneljOVetilead 190 
Contracts * 220 
Automatic Dita Processin3" 50 
EquipnerIt ** 175 
SUpplies 10 
Travel (Dita Collection) 25 
Travel (Consultants) 10 
Travel (SUbjects) 10 

Ensonification Iaboratol:}' 50 

GRAND 'rorAL 740 

* Contracts 
1\t:nIStic Attematial Hxlel.in3" 110 
1\t:nIStic At:t:enIatiat o:mp.rt:er 0 
Transduoer DeYel.OPlEllt 80 
Electron Mi.crosoc:py 10 
EKt:erna.l Pathology 0 
Animal Services 20 
Consultants 0 

** Equipnent 
TelemetIy ~tus (5X) 
Ensonificatial Iaboratol:}'. 

100 
50 

FY92 

200 
160 

30 
75 
15 
40 
10 
10 

25 

565 

50 
40 
20 
10 
20 
10 

50 

20 

FY93 FY94 FY95 

260 275 290 
105 70 70 

10 10 10 
20 20 20 
15 15 15 
10 10 10 
10 10 10 

0 0 0 

10 10 10 

440 420 435 

35 
20 20 20 
20 20 20 
20 20 20 
10 10 10 



25 25 20 20 20 

K. PERSONNEL RB;JJIRIID BY FISCAL YFAR 

FY91 FY92 FY93 FY94 FY95 

onboard Maqx:Jwer Available 
for the work 

Military Officer Total 0 0 0 0 0 
Military Enlisted Total 1.6 1.6 1.6 1.6 1.6 
Civilian 1.2 1.2 1.2 1.2 1.2 

Additional Maqx:Jwer Resources 

Civilian Professional (GS13/14) .8 .8 .8 .8 .8 
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II. NEW STARTS (El 

A ... TITIE: Q:1IpIrison of qJerability of different joy-sticks 
ani track-balls to be considered for use with the visual 
displays bein;J develqlE!d for the non-penetratin;J 
perisccpe. 

B. H'lORlSED l'RlGR1!M EUMENl'/rASK TITIE: 65856N MOlOO.OOl 
Bianedical ~ for SUl:.lllarine Systems 

c. NEW STAR!' 

D. H'lORlSED STAR!' mTE: FY9l 

E. Osnx::.TIVE: To I'XJlPU'"8 the ease of cparation of the 
large selection of joy-sticks ani track-balls available 
for use in conjUIX:tion with the visual displays bein;r 
considered for use with the non-penetratin;r perisccpe. 

F. RATIOOAI.E: '!he new non-penetratin;J perisccpe will be 
cparated by dJseJ:vin;r CRl' displays rather than sinply 
lookirg through the perisccpe qltics. A wide variety of 
functions will be available to the perisccpe cparator, 
many of which will involve manip.ll.ations with a joy
stick or track-ball. Eleven such joysticks 'Nere 
denalstrated to the cxmnittee set up to develcp the 
perisccpe. '!he different joy-sticks have IIIldl. different 
human factors characteristics - the pressure required, 
the excursion of the cursor in response to a given 
m:wement of the stick, the m:wements required for 
diagonal m::JVement of the cursor, etc. Operators will 
manip.ll.ate the cati:.rol stick for 10l'l3' periods of time. 
yet, the degree of control ani the annmt of fatigue 
proc:h;:ed by each stick has not been measured. 

G. TEXliNICAL APPR01IOI: SUbjects will view CRl' displays 
requirin;r specific cursor adjustments such as would be 
required to lock on ani track a target through a 
perisocp. '!heir accuracy ani error-rate will be 
measured for periods of time equivalent to that ergaged 
in by cparators on the sllhnarine. SUbjects will 
manipllate all the sticks bein;J considered for use in 
ccunt.et:balanoed order ani will rate the degree of 
fatigue at the end of each session. Both their 
cbjective perfm:manoe ani ratings of fatigue will be 
~ for the different joy-sticks ani tracKballs. 

H. EX£>iiCll!D m:xlJCl'SjUSE&S: '!he cptimal joy-stick oc:W.d be 
inool:porated by the perisccpe designers. 

I. amER CR;ANIZATIctlS INVOLVED: None 
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J •.•. ·FUNDING ~ BY FISGU. YFAR: 

In-House PersonneljOlreIhead 
Contracts 
Autanatic rata Prcx::essin:] 
Equipnent 
Miscellaneoos 
Military OxIstruction 
Special Projects 

Total 

K. PERSOONEL ~ BY FISGU. YFAR: 

Onboazd Miqlower Available 

Military Officer 
Military Enlisted 
Civilian 

Civilian 

23 

($000) 

FY91 
120 

o 
o 

10 
2 
o 
o 

132 

o 
o 

.9 

.6 

1.5 



II. N&1 'l1ISlG (F) 

A. . TITIE: Develcpnent of acoostic habitability stan:lards 
for advanced design active sonar platforms 

B. IroIalED m:JGRAM EUlMENl'j'l'ASK TITIE: New start PE 
63706N (Fleet Occupational Health stan:lards) 

c. S'IMUS: New Task First Prqlosed 1985 

D. IroIalED S'I7IRl' DM'E: FY91 

E. O~: Prevention of hear~ loss in Naval 
crewmemJ ers aboard vessel s equi~ with active sonars 
through the develcpnent of noise level =iteria for 
berthin;J spaces whiei!. will pennit recovery fran noise 
in:iuced auditory threshold shifts in:::urred while on duty 
an:l prevent degraded perfonnanc:e on aural tasks. 

F. RATICNAI.E: '!he SSN-21 is be~ built an:l other advanced 
concepts in sllbMrine warfare are be~ mplemented. In 
aalition, surface vessels are be~ equi~ with 
advanced sonars that have the potential for ensonify~ 
shipboard spaces. 'lhese develcpnents raise concems 
related to acnlStic habitability of spaces aboard those 
platforms. AII¥:ln;J the questions that have been raised 
are what anilient noise levels are awrqlriate for 
berthin;J spaces to 1) prevent noise-inillCed hear~ loss 
due to ships' sonar cpmltions, 2) to pennit reo::Nery 
fran noise-inirred teDporary hear~ loss in:::urred while 
on watd!. (as in the en:Jineer~ spaces), an:l 3) to avoid 
degrad:inJ crew perfonnanc:e on auditory tasks (as sonar 
cpmltion) • 

Past efforts to establish berthin;J-space noise 
=iteria have been less than systematic. '!he major 
guidance formerly available was a NAVSFA doannent 
entitled "Specifications for Ships" whiei!. has since been 
withdrawn by NAVSFA several years ago, bIt has not, as 
yet, been replaced. '!bat guide was ass rhled on the 
basis of reviews of the then extant literature an:l 
Oansultations with national experts incl~ 
zspr;smtatives of all major Naval Iaboratories. 
Specifications for Ships did not envision m:>re recent 
developJleuts in S'lhMrine design an:l S'lbnarine tactics. 
'lhese later develofueuts pnx'lnrad higher than 
anticipated intennittent soorn levels in berthin;J spaces 
aboard attack class S'lhMrines. In the early 1970s, 
NSMRL an:l OOSC were tasked to develcp habitability 
stan:lards for the 688 class an:l suo::eeQed in 
establ~ pennissible exposure levels for aJ:OU!l:i-the
clock exposure for periods of up to 30 days. 
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. 'lhat work, however, did not take several iDp)rtant 
·i:actors into CalSideratial. For exaDple, alt:ha.lgh the 
NSMRLexperiments investigated the effects of such 
exposure al sonar operator perfOllll3l'X:e (no decrements in 
perfOllll3l'X:e were fourxi), no exntrol cxn:titialS were rtm. 
In fact, despite the presence of arourxi-t:he-clock 
intennittent noise at sourxi pressure levels up to 85 dB 
(refererx:ai to 20 microPC'scals), both naive sonar watch 
stan::lers (trainees) and experierx:ai Ba'l3l:1IIeI'l continued 
to show inproved perfcmnance al a s:inul.ated sonar 
listenin;J task t:hrc::Alghrut the 30-day exposure period. 
Haoever, without a 1'lal-no:ise-exposed exntrol group, it 
remains uncertain that perfcmnance had iJrproved to the 
maxiJDJm extent possible. Also, durin; that experiment, 
the sourxi of interest was the ally intense noise to 
which the subjects were exposed. 'lhat is, the situatial 
of an erqineman 't41o is exposed to lIUdl higher sourxi 
levels while al watch was not CalSidered. If erqine 
roan watch stan::lers had incurred 1:eqlorary threshold 
shifts while al watch, it is questialable that they 
'Walld have recovered if berthed in a space subject to 
intennitted arourxi-t:he-clock noise levels of 85 dB. 

In short, while the NSMRL and NCSC studies showed 
that tel\mary threshold shifts 'Walld not grow beyon:i 
insignificant levels fran dlrati.c exposure to noise 
levels experierx:ai in l:lerthin; spaces aboard 688 class 
boats, those experiments did not show that those levels 
were sufficiently low to prevent interference with the 
ability of sonar operators to perfcmn cptiJnally or to 
pennit erqinemen to recover fran other noise exposure. 
In acXlitial, the resUlts of those studies are not 
generalizable to other stiJIulus cxn:titialS (different 
spectra or higher duty cycles) than were enployed in 
those experiments. '!he situatial for SSN-21 and certain 
surface vessels eqnir;ped with advanced sonars will be 
sufficiently different fran the 688 class, both in the 
frequel'¥::ies and the duty cycles that are expected to 
exist, that predictialS of acceptable levels cannot: be 
made al the basis of prior researdl.. 

Despite many years of researdl. al the t:q>ic, there 
remains CalSiderable debate in the literature as to what 
<XI1Stitutes effective quiet for pur;pcses of recovery 
fran noise-indlloed teDp:Irary threshold shifts. It is 
strcn;Jly suspected, however, that dlrati.c tenporary 
threshold shifts eventuate in pemanent hearin; damage. 
'ltuIs, if La!1\mary threshold shifts which exist fran 
noise experierx:ai while al duty are not pennitted to 
dissipate because of excessive noise levels in off-duty 
spaces, sane ~ hearin; loss may be expected to 
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develq>. yet, there is no consensus amn;r scientists 
c:x:n::leITlin; hew quiet is quiet. Fran prior experience, 
·it is knc7.In that anilient levels as lOW' as 55 to 65 dB 
that are thcu;Jht by many to constitute "quiet" are 
econanically ani operationally unfeasible for many 
shipboard spaces. 'Ihus, one cannot look to the exi.stin:J 
literature for a solution to the pl: asent problem. 

G. TEalNICAL APIKW:H: Specifications will be drawn up for 
spectral ani duty cycle cx:ntitions expected to pzevail 
on SSN-21 boats ani other sonar platforms in 
consultation with pzogz:am managers within NAVSFA. Salle 
of that infozmation is classified, helXle sane of the 
research dane under this task will also be classified. 
Of particular interest will be identification of 
machinery noise spectra to which en;Jinemen are expected 
to be exposed, identification of auditoxy tasks which 
sonar watch standers will be expected to perfonu, ani 
other parameters hav~ a bear~ on expected noise 
spectra within berthin;J spaces. '!his effort will result 
in definition of the parameters to be enployed in the 
experiments described belOW'. Series of experiments will 
then be dane in which the effects of varioos levels of 
the anilient noise of interest will be measured. 

Series!. Effects of anilient noi ffi in !'lO!'Hiuty spaces 
on :recovery fran noise=iniuoed t:enporary hAArinI loss. 

A. One \oeek siJJallated cruise, N=24 in foor groups 
of N=6. SUbjects will be exposed to broad bani noise 
(siJJallated en;Jine roan noise) for six hwrs. AIlbient 
noise levels dur~ a b.'el.ve-ha.Ir :recovery period will 
be varied across groups fran 55 dB to 85 dB in ten dB 
steps. Spectra of the fatigue in:iuc~ ani anilient 
(:recovery space) noise will be as defined in 
consultation with NAVSFA. 'lhrcujlrut the experiment, 
subjects will perfonn other tasks in a siJJallation of a 
oonnal cruise. 

B. One liUllh siJJallated cruise. '!his will be 
essentially an ext:emed version of experiment loA. 
AIlbient noise levels will be the maxiDlID! level fcund not 
to interfere with :recovery an:J,Ior an additional level 
fran five to ten dB lower. 

seri ffi II. Effects of smiWmt; noise in norHiuty spares 
CIl aural nerfonnance of sonar m:axatom. 

A. ani B. 'lhese experiments will follOW' the 
paradigm above except that aH:1uty time will be spent on 
siJJallated sonar watches. SCIlar operators of varioos 
skill levels will be the subjects. 
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H. EXPECl'ED EM) PROI:XJCmjUSERS: '!he em products will be 
.specifications for off-<iuty aDbient SQll'¥i levels for 
E!ri;Jinemen am sonar qlerators. Users: NAVSFA 55N, 
NAVMEDCX:M. 

I. OIHER OR:;ANIZATIOOS INVOLVED: None. 

J. FUNDING REXJJIRED BY FIScrU. YEAR: ($000) 

FY91 FY92 FY93 

In-Hoose Personnel/OVertlead 150 160 165 
Contracts 0 0 0 
Autanatic Data PlOCJai!SSln;J 
Equipnent. (Task-fun::Jed): 

0 10 15 

SCAm:i generatioo system 80 40 0 
Task sinulatioo equipnent. 60 20 0 

SUbtotal 290 230 180 
Equipnent. (General PI.u:pose): 

CcIIp.tter control awaratus 120 60 0 
SUbtotal 120 60 0 

Militazy Constructioo: 
M:xiifications to SCAm:i Suite 50 40 0 
Special Projects 0 0 0 

Gran:i Total 360 330 180 

K. PERSOONEL REXJJIRED BY FIScrU. YEAR: 

FY91 FY92 FY93 

Militazy Officer Total 1 1 1 
Militazy Enlisted 3 3 3 
Civilian 3 3 3 

Additiooal Marp:x.Ier Requirej 
for this Wol:K 

Psydlologist (GS-180-11) 1 1 1 
Resmrc:i1 Assistant: (GS-181-5) 1 1 1 

Total 2 2 2 
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II. NEW S'I7UUS (G) 

A. . .. TITIE: Effect of color-ooded CE:' displays in the 
control roan 00 the night visioo of the periscope 
operator. 

B. H<OJ:O>ED H<OGRAM EIDIENl'j'mSK TITIE: 65856N MOlOO.OOl 
Bianedical suwort for &lhnarine Systems 

C. NEW STARr 

D. H<OJ:O>ED STARr DATE: FY9l 

E. OBJECl'IVE: 'lb l'/I91ISlJre the degree of degradatioo of dark 
adaptatioo in the peri.scqle operator caused by the 
presence of color-ooded CE:' displays in the control roan 
am to test solutions to the prd:Ilem. 

F. RATIOOAIE: An increasin::J number of color-=ded au 
displays will soon be fCJllni 00 Sllhnarines. 'lhose in the 
control roan will be significantly brighter than the 
black-am-white displays they will replace. '!he latter 
can be dinmerl to a considerable extent am still present 
their infonnatioo to the operator. Color-ooded displays 
cannot be dinmerl too IIIlCh wit.hcl.lt losin::J the color am 
with it the infonnatioo that the colors cocwey. '!he 
brighter displays will produce considerably IOOre light in 
the control roan which is typically "ric;Red for black" 
when the Sllbnarine is at peri.scqle depth at night. '!he 
extent to which sudl. am; will affect the dark adaptation 
of the crew- particularly the peri.scqle operatoJ:--should 
be detennined. We pLopc:se to l'/I91ISlIre the effects 00 
night visioo sensitivity of havin::J to work in a 
cx'll'pn bteut with various J'lInnbers of am; with colored 
sbtulated sooar displays. '!he extent to which they can 
be dinmerl will be detennined am then their effect 00 
night visioo will be l'/I91Isured as a fuootioo of the ntmber 
am size of the displays. If, as expected, night-visioo 
is degraded, solutions to this prd:Ilem will be tested. 

G. 'lmmICAL APPR:WlI: '!he night visioo threshold will be 
detenninedfor each subject. '!he subject will then be 
exposed to a catparI:ment cxntainin; oolor-ooded am; 
after which his night visioo sensitivity will again be 
l'/I91Isured. en SlJCOeSsive exposures the n'i"'ber, size, am 
brighb 5 of the am; will be systematically varied, as 
will the duratioo of the elCpOSIIre, am the subject's 
sensitivity will be lXItp"red to its initial state in each 
case. 

H. ElCPEX!l'ED FKXlJCl'Sft.JSE&S: '!he lowest brightl sss of the 
various displays which still cocwey the necessary 
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infonnation will be deteJ:mined. '!he effect on night 
vision of these displays will be measured for the 
varioos exposUre times am. llnllb>r am. sizes of the 
displays. Designers am. periscq)e qlE!rCltors will krx:M 
the effects of plac:in;J oolor-o:lded displays· in the 
control roan. 

I. 0lHER ~ZATIOO'S INVOLVED: None. 

J. FUNDING RB;JJIRED BY FISCAL YFAR: ($000) 

In-House PersormeljOllertlead 
Contracts 
Autanatic Data Prooess:in;J 
Equipnent (task furxled) 
Miscellaneoos 
Militazy OJnstructi.on 
Special Projects 

Total 

FY91 FY92 FY93 

14S 152 158 
111 
000 

10 5 0 
10 10 10 
000 
000 

169 168 169 

K. ~ RB;JJIRED BY FISCAL YFAR: 

Onboard Manpc7.Ier Available 
for this won 

Militazy Officer 
Militazy Enlisted 
Civilian (GS-1So-13) 

(GS-08S6-11) 
cw:;-4714-14) 

Additional ~ Required 
for this won . 

Civilian (GS-lSo-ll) 
(GS-1So-S) 

Total 

29 

o 
.S 
.2 
.1 
.1 

.S 

.S 

2.S 

o 
.S 
.2 
.1 
.1 

.S 

.S 

2.S 

o 
.S 
.2 
.1 
.1 

.S 

.S 

2.S 



II. NEW STARI'S (H) 

A. TITlE: E!(G Evaluation of Anhyt:hmi.as 

B. ~K\SED IRJGRAM EIDlENI'j'l2\SK TITlE: 

C. STA'IUS: New start (First prqxlSed FYSS) 

D. ~K\SED STARr Do\TE: FY91 

E. OBJEX:!I'IVE: To detennine if high-resolution E!(G will 
detect am effectively evaluate anhythmias, 
atrio-ventricular di sscx:iation, am sync:qle. 

F. RATIOOAIE: 'lhe occurren::e of half a million cases of 
sudden cardiac deaths each year has stinulate:i the 
search for clinically significant information :regarclirq 
the con::luction system, electrical instability, am the 
effectiveness of therapy. Hoi;ever, Holter nati.tor~, 
exercise ~, am programned electrical right 
ventricular stWlation do not reliably predict synoc:pU 
attacks or sudden anhythmic cardiac death. 

Histopathologic sWiies suggest that caIp1ete 
atrio-ventricular (AV) block usually reflects di sC3se of 
the con::luction system rather than the AV node. various 
patterns of b.lrxlle braIdl block are known to precede the 
develq:ment of AV block. But, dur~ the late 19705 
there was disagLeement as to whether or not a pro1orged 
H-V i.ntel:va1. correlate:i with a high risk of develq:ment 
of AV block, as prqxlSed by several investigators. 
Hoi;ever, the consensus seems to be that a pro1orged H-V 
i.ntel:va1. in the settin;J of a new b.lrxlle braIdl follow~ 
an acute myocanlial infarction may help in identifY~ 
those patients who are at an increased risk of develop~ 
third degree AV block. 

In the past, electrqilysio1ogic sWiies have had to be 
perfot1DEld in specially Eqlli);p"d laboratories. 'lhe 
studies req.rlred 2-4 boors to perfonn. Four trained 
tedmicians were often required. Intracardiac 
elecboogtdllS fran the right atriI.DD, His b.lrxlle region, 
am right ventricle might be req.rlred. Four or JlK)re 
s:iJllll.taneoos catheters may be required. 'lhe CXJSt has 
been estimate:i at $15,000 per patient. 'lhese 
electrqilysio1ogical studies, thus, are t.ime-c:onsumin, 
expensive, am not readily available. 

Noninvasive altematives ~d be very useful. New 
signal-averag~ neuroelectric techniques are capable of 
rreaSlJr~ the microvo1tage electrical activity of the 
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His-Purkinje system at the surface of the body. 
Altho.lgh His-Purkinje ErG; are J'XlW det:ectable, the 

··clinical significance of the detectable ~ remains 
to be cletemined. art: there is preliminazy evidence 
that the duratian of the QRS carplex is significantly 
lon;er in patients with ventricular late potentials 
(VIP) than in those withoot VIP. Delayed depolarization 
may indicate an in:::reased risk of an:hyt:hmia, am the 
10ll3' c;zr syn:b:aDe may indicate a risk of torsades de 
pointes tachycardias am slldden death. An analysis of 
the ERG usin;J signal averagin;J am spectrum analysis may 
detect microvolt ~ that correlate with these risks. 
If so, this wool.d constitute a quick, inexpensive, am 
non-invasive prCX"'fbrre for identifyin;J individuals with 
these risks. 

Finally, in future years, an attenpt wool.d be made to 
identify those individuals who have not had a cardiac 
event but who are at risk for electrical dissociatian. 
'!his wool.d be of iIIportaooe in screenin:1 Naval recruits. 

G. TEalNICAL APmOi\Cl:I: ErG; wool.d be c::btained fran ane to 
b;o-hunl:red patients in cardiac care units. 'nle tapes 
of these reoordin;Js wool.d be subjected to a spectrum 
analysis to detennine who exhibits an after-potential 
am who does not. After six months to a year, a 
follC1N-Up of the patients wool.d be c:x:n:1uc:ted to 
detennine lIIOlilidity am DDrtality rates of the bio 
groups. '!his wool.d deteJ:mine whether or not the 
presence of the after-potential correlates with 
additional risk. 

H. EXPECl'ED H<OWCl'SfUSERS: A non-invasive method of 
predictin;J wc:n patients are susceptible to 
atrio-ventricular block wc:n could be used by all Naval 
Hospitals, am wool.d have high civilian awlication. 

I. 0lHER CRWIIZATIOOS INVOLVED: '!his pzq>nsal is feasible 
if c:x:n:1uc:ted as a joint laboratm:y am clinical 
investigative ptugLam at Naval am civilian hospitals. 

J. RlNDIlQl REXJlIRED BY FISCAL YEAR: ($000) 

FY91 FY92 FY93 

:rn-hwse personnel/oveIilead 53 54 55 
Contracts 50 50 50 
Autanatic Data Processin;J 0 0 0 
Fqnipnent 0 0 0 
Misoellaneoos 10 10 2 
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Military Ccnst.n1ctlon 0 0 0 

Total 113 114 107 

K. PJ!:RSa.INEL RE;JJIRED BY FISCAL YFAR 

FY91 FY92 FY93 

Onboard ManpcJwer available 

Military Officers .1 .1 .1 
Military Enlisted .4 .4 .4 
Civilian (GS-1So-13) .4 .4 .4 

Ad:litional ManpcJwer Required 

Civilian 0 0 0 

Total .9 .9 .9 
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II. NEW STARl'S (I) 

A.· ·TITlE:· Performance Assmsl!!Emt for Auditory Sonar 
Signals . 

B. PROKSED POOGRl\M EliMENl'/TASK TITIE: 62758N!oIG8 528.01 
Perfomazx:e AssmsyentjEnhancement 

c. STA'lUS: New start - First ptiipOSed Fll'87 

D. PROKSED S'mRl' 1ll\TE: Fll'91 

E. OBJECl'IVE: Inprovement of auditory-qualification 
staroards for sllbnarine sonar qleI'ators in order to 
~ perfomazx:e dur~ naval qleI'ations. 

F. RATICNAIE: Traditional pn:-e-tone audiograms do not 
adequately assms the auditory skills required by 
sllbnarine sonar qleI'ators. On:le a sonar tedlnician's 
hear~ loss has reached levels that may disqualify him 
aOOOl:'d:inJ to today's staroards, suprathreshold auditory 
tests (currently not available) shoold be administered 
to detennine whether he shoold be retained or 
disqualified. nus 'NOrk unit is int:en:ied to develcp 
tests to evaluate auditory sonar perfonnance test 
abilities. Sane of the test may also be useful. for 
sonar selection. 

G. 'lmlNICAL APm:li\QI: nus work will focus on the 
develqmallt of a gi'oup of tests that 1I!EI;asure the ability 
to extract auditory patterns fran a backgrourrl noise. 
'!he patterns or CXIIplexes involved will constitute 
sinulations of actual auditory-sonar contacts but may be 
JOOdified to allow measurement of discrete spectral am 
tatporal. c:tlaracteristics. Unlike traditional pn-e-tone 
audiaDetry, signals will be CXIIplex, will be int>edded in 
a backgrourrl of noise, am will be at levels above those 
used for pn-e-tone noise, am will be at levels above 
those used for pn-e-tone audiaDetry. Discr:i:mination am 
identification tasks will be incll.ded alc:DJ with 
detection tasks. Since sonar-pattern perception am 
speech-pattem perception share many c:tlaracteristics, 
tedlniques that have been effective in speedl-peroeption 
J."esnrch will be used to segue It CXIIplex sonar contacts 
into discrete elements or features. MJcil of this work 
will use digitally synthesized signals. 

H. E'ICPIOC!'lEO USERS: NAVSFA, SUBSCKlOL, MEIXXM, design 
erqineers for sonar syst:ens am for madline-reoogllition 
systeDB. 

I. OIHER ~ZATIOOS INVOLVED: SUBSCHX>L 
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J. ··FIScAL RESCXJRCE ~: ($000) 

FY91 FY92 FY93 FY94 FY95 
In-House PersormeljO'b:i 170 218 289 317 348 
Contractor 50 50 50 50 50 
ADP 20 20 25 25 25 
Equipnent (task fUrr:led) 25 25 15 10 10 
Miscellaneous 5 5 5 5 5 

Total 270 318 384 407 438 

p.rrpose) 1 1 1 1 1 
Miscellaneous 5 5 5 5 5 

Subtotal 6 6 6 6 6 

Gran:i Total 282 330 396 419 450 

K. Personnel. Required by Fiscal Year: 

Onboard Manpc:Jwer Available 
for this Work 

FY91 FY92 FY93 FY94 FY95 
Military Officer: 

Total 0 0 0 0 0 
Military Enlisted: 

Total 0 0 0 0 0 
Civilian Professional: 

Total 0.2 0.4 0.4 0.4 0.4 
Civilian ~rtin:J: 

Total 0 0 0 0 0 

Additional Manpc:Jwer Required 
for this Work 

FY91 FY92 FY93 FY94 FY95 
Military Professional 0 0 0 0 0 
Military ~rtin:J 0.4 0.4 0.4 0.4 0.4 
civilian Professianal 

GS-665-11 0 0 0.8 0.8 0.8 
GS-155O-12 0.4 0.8 0.8 0.8 0.8 

Civilian ~rtin:J 0.8 0.8 0.8 0.8 0.8 

Total Required 2.2 2.4 2.4 2.4 2.4 
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II. NEW STARl'S (J) 

A.TITIE: Scanrlin;J throogh the periscqle 

B. PI<OKISED ~ EIJ!MENI'j'l'ASK TlTIE: 62758N l+I58 528.01 
Perfonnance AssessnentjEnhanoement 

C. STMUS: New start- First PL' posed. FY88 

D. POOR:SED S'l1.Rl' Di\TE: FY91 

E. ~: 'lb detennine the optboal. method of scaJ'lIlin] 
throogh the periscqle. 

F. RATIONAIE: It has been brooght to oor attention by a 
SlIhnarine officer that it is not clear what is the JOOSt 
effective method of scaJ'lIlin]throogh the periscqle. 
Periscqle q:lera.tors disagree on whether a target is 
IOOre likely to be seen if the q:lera.tor traverses the 
periscqle SIOOOthly am cantinuooslyor if he traverses 
in discrete j\ll'lllS am scans the field of view with the 
periscqle held mai:ionless. 

G. TmlNICAL~: SUbjects will search for targets 
of varyjn;J size am contrast throogh a s:iJtulated 
periscqle eyepiece. On half the trials, they will be 
instructed to traverse cantinuoosly throogh a 180 
degree an;Jle1 on the other trials, they will m::I\Te the 
eyepiece in discrete j\ll'lllS, then pause am scan. 'lhe 
time taken to looate targets of various sizes am 
contrast am the number of times a target is mi ssed 
will be recorded. Both pxrt:cpic am scotcpic vision 
will be investigated. CiJserver preferences will be 
ascertained am correlated with perfonnance. 

H. ElU'EX!Im PRXlJCl'S,ItJSERS: 'lhe results will be ilIportant 
for all periscqle q:lera.tors. 

I. OIHER ~OOS INIIOLVED: None. 

J. FlJNI)lK; REXJ)IRED BY FISCAL YFAR: ($000) 

In-Iblse Persannel/OVerllead 
Contracts 
lIlltanatic Data PLCJO::ISSjn;J 
Fqnipnent (task fUrrjed) 
Misoel.laneaJS 
Military CCI1stnlctiat 
Special Projects 
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110 
1 
o 
5 
5 
o 
o 

12 
o 
o 
o 
1 
o 
o 



Total 121 13 

K. ...... PE:R.SOONEL REX;mRED BY FISCAL YEAR: 

FY91 FY92 

Onboard Marp::Jwoer Available 

MilitaJ:y Officer 0 0 
MilitaJ:y Enlisted .S 0 
Civilian (GS-1So-12) .2 .1 

~4714-14) .2 0 
(GS-08S6-11) .2 0 

SUbtotal 1.4 .1 

M:litional Marp::Jwoer Required 

Civilian (GS-1So-ll) .S .2 
(GS01SO-S) .S 0 

SUbtotal 1.6 .2 
Total 3.0 .3 

36 



II. NEW STARlS (K) 

A. -TITIE: SlJfpZession of Inmme System FUncti~ in 
SUbnariners 

B. ImrosED PR:lGRAM EUMENl'j'I2\SK TITIE: 61153N 
(Clinical Medical Sciences) 

C. STAWS: New start (First prqxlSed 1988) 

D. ImrosED STAR!' Do\TE: F1191 

E. OBJECl'IVE: To describe psydlological and biological 
pL' cesses that influence onset of illness in 
predisposed :inlividuals when exposed to t.rainin;J or 
qJerational environments and to test therapies to 
modify biologic respalSes for their effectiveness in 
~ ~ression. 'Ibis d:ljective was 
identified at the CD's Conference NoIreDiJer 1987. 

F. RATICNAIE: Acute stress has been associated with 
transient ~ession. lJImlnosI.1Wresion leads 
to persistent alterations in c:ellu1ar inmmity and a 
higher susceptibility to disease. 'Ibis leads to a 
reduction in available lIIi3l'IpCJWer and redno;ri perfonnance 
in affected :inlividuals. 'Ihe effects of mre prolon]E!d 
stress have been shown to severely depress inmme system 
fuId:i~ in seveLal pcpllations. Olronically 
stressed :inlividuals do not show ilImJnologic or 
psydIologic adaptation to the stress~ that is, inm.me 
system fuJxti~ remains ~ throughout 
prolon;JE!d exposure to stress. 

SUbnariners suffer fran both lilYSical and psydIological 
stnsses. 'lhey WOJ:ic in an envil:allllellt that includes 
many mentally demimdin:J tasks. 'Iheir nonnal sleep 
patterns are disrupted, and they are confined in a 
relatively crowded space for prolon;JE!d periods. 'lhey 
are separated fran their families, and many show signs 
of acute depressicn prior to deployment. crowdin;J, 
marital di£upti.an, and depression have all been linked 
to ndJCed :inmJne fuId:icn. studies of Space Shuttle 
astxa1a1.rt:s have bipOZ ted ~ in ilImJnological 
respalSiveness that the investigators attribrt:e to 
~ca1 and E!II¥:Jtional stress. other stooies show that 
negative life events are related to zepo:tts of illness 
in Navy SUbnarine Sc:tIooI students. 

SUbnariners are at additional risk of depressed iJmune 
system fuId:i~ fran the marginal deficiencies in 
vitamins B6, c, and D that occur duriD;J patrols. 
Finally, SIIII:lIcin} is linked to reductions in :inmJne 
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function. 

varioos biolOgic ani psycholOgical iDm.me response 
ioodifier therapies are available. None of these have 
been studied in an operational env:ircrJment. '!here is 
no infonnation as to whether or not reductions in 
:inm..me function lead to lower perfonnance of duties ani 
whether or not therapy which II¥X1ifies these biolOgic 
dIan;Jes will also reduce sick calls ani i:aprove 
perfonnaroe. '!he pw:pose of this investigation is to 
detennine if they 'NOOld prove useful in i:aprovinJ 
perfonnance or decreasin;J stress related illness. It 
is :i.np)rtant that we first detennine the extent of 
inm.me system depression in snbnariners ani further 
evaluate methods to elbninate or reduce it. 

G. TEXllNICAL APPR::WlI. Varioos bianedical, PtYsiolOgical 
ani psycholOgical variables will be studied in a 
snbnarine crew before durin;J ani after a patrol: 

1. IlmlInolOgic Assays will be perfonned to detennine 
the level of inm.me system function. 'lhese will 
include: 

a. blastogenesis 
b. antibody to EP;tein-Barr virus 
c. lOOI'lOClonal antilxxlies 

1) natural killer cell percentages 
2) relative % of helper ani ~r 

T l}'lllilocyte:s 

2. '!he rutritional status of the snbnariners will be 
deteJ:mined by measurinJ the foll~: 

a. al.bJmin 
b. transferrin 

3. A record of sick call visits durin;J patrol will be 
obtained for each subject. 

4. ~ history of infonnation known to effect 
inm.me system functicnin;J will be requested 
incll.din1: 

a. .... ":JL4hic 
b. marital history 
c. health history (include weight ani SIIDkin;J) 
d. "Life Qlan;Jes" 

5. Eacil subject will OCIIplete a distress/depression 
inventmy to measnre the level of perceived 
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stress. All this data will be collected 
prepatrol. Several owld also be collected at the 
em of refit (a high stress situation), durin;!' am 
after the patrol (the nmi?er of times detennined 
by the diffiall.ty of the assays). A IegIession 
analysis watld be performed to deteImine which 
variables predict reductions in .iJJm.me system 
fuJx:tionin;J. once the variables that influence 
:iJIm.me system fuJx:tionin;J are deteImined, means of 
reducin;!' or eliminatin;J critical variables can 
be develcp:d. 

H. EXPECl'ED PROWCl'j(JSER3: Product watld be the 
identification of those factors that lead to recDICal 
:iJIm.me fuJx:tion am an equation relatin;J those 
variables that watld predict an in:tividual's 
susceptibility to decreased :iJIm.me fuJx:tion 
durin;!' trainin;J or in the operational enviromnent. 

1. OIHER OlGlINIZATIOOS INVOLVED: None 

J. FUNDING BY FISCAL YFAR: 
FY91 FY92 FY93 

In Hoose Personnel./O<ierllead 150 200 150 
COntracts 30 30 
ADP 
Equipnent 50 
MisoellaneaJS 
MilitaIy Construction 
Special Projects 

Tota1 230 230 150 

K. ~ BY FISCAL YFAR: 

0Ilb0ard Maqxli;er Available 
for this work 

MilitaIy Officer 
MilitaIy &ll.isted .S .S .S 
Civilian (GS-ISo-13) .4 .4 .4 

Additional JIIaI1XlWer required 
for this lIIOI"k 

Civilian (GS-18o-12) .S .S .S 

Total 2.0 2.0 2.0 

39 



II. NEW TASK (L) 

A. ." TITrE: (U} 'lhe role of atrial septal defects in 
susceptibility to de<xmpression sickness in 
u.s. Navy divers 

B. IKlK\SED PRJGRAM EUMENl': 

c. S'm'IUS: New start 

D. IKlK\SED STAR!' IP.TE: FY91 

E. OBJECl'IVES: 

'lb determine if the existence of particular atrial 
septal heart defects, includ.in;J patent foramen ovale, is 
significantly associated with the incidetx:e of 
decarpression sickness in u.s. Navy divers, am to 
cletennine if edlocardi<JgraIily can be used to screen Navy 
diver carxiidates or assist the div~ CXI!IDmity to 
develc.p stamards for the P'lYsical qualifications for 
divers. 

F. RATIOOAIE: 

As of January 1989 there were 4284 1OOr~ U.S. Navy 
divers. '!hose divers participatin;J in research or 
1OOr~ dives are frequently at risk for the develqment 
of de<xmpression sickness. Dec:> "lo:ession sickness (DCS) 
occurs when nitrogen gas bJl:i)les fonned in the body 
cannot be eliminated am expan:i in the bloodstream 
dur~ de<xmp~ion after a dive or exposure to high 
pressure. In JOOSt cases, this DCS oonsists only of 
joint pain am ~lves rapidly with treatl1lent. 'lhe 
pat:ential exists, however, to inadvertently cause IlDre 
serioos neurological dan!!!ge. ~ severe decnrpression 
sickness inclmes neurological syn-ptans such as 
11IlIIb esa, paralysis, tin;Jl~, am decreased sensitivity 
to tcu::n, DllsC'Ilar weakness, am tJ:aw:cs. Amnesia, 
excessive fatigue, personality c:ilarJ;Jes, irritability, 
am even death may occur. 

Reoent research suqgests that certain intividuals may be 
at oonside:cably higher risk of develc.p~ these 
syn-ptans. 'lhese intividna1s are born with a minor 
defect in the heart called patent fo:camen ovale. In 
this oandition, a small hole in the wall separa~ the 
uwer dlaDiJers of the heart (the left am right atria) 
p:c ; s :nt dur~ the develqment of the fetus fails to 
close at birth. Buti:lles fo:tJDBd in venous blood 
ordinarily travel thralgtl the right atrium to the right 
ventricle am into the pUnaJary circulation where they 
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are filtered rut by the lun;JS. With patent foramen 
ovale ani other atrial septal defects, hlJ::t)les can pass 

.. ' .cU.rect1y ftaa the right atrium to the left atrium then 
to the left ventricle ani into systemic arterial 
circulation where they may produce synpt:cm; of llCS. 

umer many divin;J cxntitions, small gas hlJ::t)les are 
formed in the venws blood b.It are filtered rut in the 
lun;JS before they can escape into the bloodstream ani 
other tissnes. In a person with this atrial defect, the 
hlJ::t)les may be able to circumvent this filterin;J process 
ani, therefore, pass directly into the bloodstream. 
'lhls cc:nlltion ani sllnilar atrial septal defects lriOUld 
p.rt the 1n:lividual at considerably greater risk of 
develc.pin;J decarpression sickness. 

Altha.¥,)h this defect occurs in aam»dmately ten percent 
of the adult population, recent data fran R. E. M::xJn ani 
his oolleagues at. Dlke university suggest that the 
defect shows up in 37% of divers with a histo:ty of 
decarpression sickness ani in 61% of divers with the 
lIXlSt serious cJecmpression synpt:cm;. 

'nle defect can easily be deteJ:m:ined with 
echocaJ:diCJ9Z'ClPlY. E'dlocardiog.r:a(:hy is oot expensive, is 
easily intezpreted, ani widely available at Naval 
Hospitals. Detel:minations lriOUld be needed only once in 
a diver's career. 

If the relatiCX1Ship between this defect ani the 
in:::idence of dec> "Io::es.sion sickness can be substantiated 
in a large graJp of U.S. Navy divers, it lriOUld be 
possible oot only to screen diver caniidates, b.It also 
for the divin;J C('IIIDmity to establish PlYsical 
qualifications for divers partici.patin;J in dives where 
the risk of de '''Iiles.sion sickness was highest. 
Pres2llUy, over 600 1n:lividna1s attend U.S. Navy dive 
sdlools each year. ~tely 60 of these 
1n:lividna1s will have atrial septal defects that have 
oot been di.agmsed. In the U.S. Navy divin;J C('IIIDmity 
at large over 400,divers lriOUld have these defects. 

By eliminatin;J these 1n:lividnals with increased risk of 
de '''10:: cion sickness ftaa possible exposure, diver 
safety lriOUld be bproved. 'lhls ocW.d result in a 
sul:Jstantial decrease in the in:::idence of decarpression 
sickness in the U.S. Navy diver population ani the 
possible extension of reo ""endations to the civilian 
divin;J C('IIIDmity as well. 

G. TEX:HNIC'AL ~: 
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Navy safety Center, Norfolk, VA, has the CCIIplterized 
infonnaticn for every U.S. Navy diver. It has re=rded 

... e<lery case of de<'mpressicn sickness that has oocurred 
in the divin;J pc:p.llaticn. 'Ibis study will categorize 
divers into b;o groups fran the Navy safety center. '!he 
first group will CXll1Sist of divers with no histozy of 
de<'mpressicn sickness. '!he seccrld group, matdled in 
age, rnmiler of dives, health history, etc., will CXll1Sist 
of those divers with the highest incidence of 
de<xup't"esSicn sickness. F.adl in:tividual will be asked 
to participate in a b;o dimensional edIoc:ardi~y 
sessicn durin;J which his or her heart will be exam; ned 
for e<lidelx:e of a small hole in the wall separatin;J the 
right am left atria (patent foramen avale or other 
related defects). A cardiologist will re<liew the 
re=rds to detenni.ne presence or allserx:le of the defect. 
'!he cardiologist will not be told to which group a given 
diver belan;rs. Each sessicn will last less than one 
hour am can be perfonned at arry medical center with 
edIoc:ardi~y equipnent. 

Data will be analyzed to detenni.ne the incidelx:e of 
these defects in the b;o pc:p.llaticns am, additionally, 
whether those in:tividuals with the defect also 
experience nore Se<lere de<'mpressicn sickness. 

H. EXi?EX!.L'ED mID J:ro[lJCTSjUSERS: Rea iliiEo:laticns for the 
PtYsical qualificaticns for prospective U.S. Navy diver 
can:lidates am guidelines for the U.S. Navy divin;J 
CXJllllmity for PtYsical stan:lards for participants in 
operaticns that involve increased risk of de<'mpression 
sickness. NAVSFA, MEDCXM 

I. OIHER ~ZATIOOS INVOLVED: lDm 

J. FUNDING REXJlIRED BY FISCAL YEAR: ($000) 

FY9l FY92 

In-Hoose PersonneljOVerllead 66.7 66.7 
Contracts 30.0 30.0 
AI.lta!atic Data PLooessin;J 
Equipnent (Task fumed) : 

Equipnent (General PUrpose): 

Militazy Clr:C'Istructi.cn 0 0 

Grand Total 96.7 96.7 

K. PERSCIOO!:L REXJlIRED BY FISCAL YEAR: 
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Military Officer .2 .2 
Military Enlisted .8 .8 
Civilian .8 .8 

Total 1.8 1.8 
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II. NEW TASK (M) 

A.'lTrIE: cellular Bioergineerin;J: Concept Develcpnent 
ani AWlication to PrOOlems of Hazardals Biological ani 
Chemical Environments 

B. PRORX>ED :m:x;RAM EIDmn'trASK TITIE: 
6l153NjMR04120jMR0412002 
(Clinical Medical Sciences) 

c. STA'lUS: New Program 

D. PRORX>ED STAR!' nr.TE: FY92 

E. OBJECl'IVE: 
a. Develq> researd!. for a new, tedmological awroach 

which will integrate biodlemical, biq::hysical, 
genetic ani cell culture tedmiques into an 
advanced analytical pl:ocEdllre for the rapid 
detection ani evaluation of the mechanism of the 
cellular response to envirormlental. contaminates ani 
hazards. 

b. Deioonstrate the capabilities of this new 
tedmological ClWroach to provide a IIDre rapid, 
cost effective solution to identified u.s. Navy 
operational prd:llems. 

F. RATIOOAIE: 'lhe eN) has reviewed reo iI .. en:lations 
=nc:etni.rK1 sntmarine am \S{:here contamination ani has 
determined that significant prd:l1em areas exist in 
sntmarine am. \S{:here control. NMRDC, CHNAVMAT ani am. 
lNere requested to provide available SUWOrt for this 
pLU;JIam. am, in Key Naval Needs for Research ani 
Tedmological Pl~, 14 Jan 1985, 1706(U) recarrnerned 
researd!. to SUWOrt biaoedical starmrds for IIDre 
effective perfonnance in critical cxx:upations, e.g. 
aviation ani sntmarine duty. 

Cllrrent methods for the evaluation of the effects of 
enviLamental. oont:aminant:s are l.imited by the 
requirements for extensive arWnal studies, prolcn;Jed 
exposure periods, insensitivity of results, indefinite 
or 1DJl.tiple em points ani large expense in laboratory 
costs. 'lhese CJCpE!t"iment:al restrictions preclWe any 
at.t.eupt: at broad spect:J:um analysis, evaluation, ani 
~ of biological ani dlemical hazards faced 
in militazy environments. A new researd!. tedmology 
which can provide a rapid, SClISitive methodology for 
studyin;J the basic cellular mechanism by which 
biodlemical signals ani toxic materials exert their 
effects is required to meet this need. At the PI esent 
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time, the u.s. Navy does not possess this capability. 

--::--Cellular Bioen;Jineerin;J is a newly developed res=ardl 
,'c',u ..... :2pt based on the theoJ:y of cellular cmmmications 
" -:In intact organisns. '!be theoJ:y states that cellular 

systems cmmmicate functional infomation to other 
cells by creatin;J bicdlemical signals in extracellular 
fluid. '!be bicdlemical signal initiate such cellular 
response as growth, division, secretion an::} 

transformation. '!be uroerlyin;J principle of cellular 
Bioen;Jineerin;J is that the behavior of a cell not only 
depenjs on the preseooe or absen::e of specific effector 
IlDIecul.es in its natural environment, but also on the 
tenp:>ral patterns of dIan;Je in the oarx:entration of the 
effector IlDIecul.es Le. rate of dIan;Je, anplitude, an::} 
frequen::y of dIan;Je. !b3t current t.edmiques for 
evaluatin;J bicdlemical effects on cultured cells an::} 
tisslles are oancerned with meaSJJrin;J the response of the 
cells to the total aJID.lIlt: of d!emical presented 
(dose/response curves) an::} not the actual d!emical 
signal patterns. 'lbese older cq:proadles provide only 
infomation on the response of cells to a static 
dlall~ rather than to a dynamic, tiJne-vaJ:yin;J 
delivery of effector IlDIecul.es. cellular Bioen;Jineerin;J 
of cultured cells, an::} ti sSlIes offers the potential to be 
a sensitive, rapid, interactive method forstudyin;J the 
natural delivery pattern or wave-fcmn of a sin;Jle or 
nultiple signal substance which elicits a detectable, 
desired response. By manip.llatin;J the delivery pattern, 
certain reproducible cellular respa1ses such as 
secretion or ovmproduction of desired substances, e.g. 
mamal ian gene products an::} monoclonal antilxXlies may be 
prcxbred. In addition, this new awroac:h provides the 
possibility for an accurate, sensitive, ClOSt effective 
tedmology not only for the sc:reenin; of large mmb:>.rs 
of toxicants but also to provide basic information on 
the prilIIary site an::} mec:hani.sm of action. 

G. TEOINICAL APPR:l1ICH: '!be t.edmical awroac:h for the 
COIklEpt developoeut of cellular Bioen;Jineerin3 is based 
on two main Plases which can be described as the (1) 

-'Qlall~,Hlase an::} (2) Detector Hlase. 

, u '!be alal1~ Hlase will consist of research to 
establish the critical parameters involved in the 
delivery of specific effector IlDlecul.es, e.g. growth 
horl1lolle, pept:ides, ~, electrolytes, toxicants, an::} 
other agents which have direct effects on cellular 
function. 'lbese critical parameters will include flow 
rate, anplitude, volume, an::} time phasin;J of selected 
effector IlDlecul.es which are respalSible for the control 
of cell respal5e an::} cmmmication. Additional research 
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effort will be directed toward the establishment of a 
unique flow-t:.hrcu;lh cell culture system which will 

::~_-precisely program and regulate delivery of specific 
, --,: 'biological effector molecules to the cell or ti ssue 
, . - ,Culture. ''lhe system will ioooIporate process oontrol 

technology and will be based on a mathematical model of 
a flow-~ culture system. It will pennit the 
time-1:hased delivery of as many as five different 
biological or chemical effectors under precise 
interactive CCIIplter COIltrol. 

In the Detector Fhase, the responses of cells to 
effector molecules, iooludin;J pollutants, falls into 
five major categories: genetic, biochemical, 
biqnysical, functional and ultrastructural effects. 
'lhe use of only a sin;Jle, or a few detector en;l-points 
iIx:reases the prcbability of selectin:} the wron;J en;l
point and results in failure to demonstrate a cellular 
response to an effector substance. 'lhe Detector Fhase 
will be concerned with Ies?arch to establish an 
~riate Illlltivariant detector matrix will include 
such detector diagrostics as iJmunofluorescent 
techniques, activity of lIIE!IIi:>rane surface, electron 
miCIog:rdfbY, sister dlraoatic exdlanJe, t'tIA synthesis 
and repair, radioiJmunoassay, labeled antibodies, etc. 

A seoarn major aspect of the Detector Fhase will be 
concerned with the validation of the COIICepL of Cellular 
Bioerqineerin;J and demonstration of the advantages of 
this research ~ch for praviliin; new techniques and 
insights into research on mechanisms of cellular action. 
A selected group of tissue culture cells, initially, 
prhnary culture liver cells, Type II pl?IlIDOCytes, 
I'IeI.lJ:d:)lastana, Chinese HansLer CNary (01» and monocytes 
will be evaluated. 

An ackU.tional validation effort will be directed toward 
the cleDasLtation of the capability of the cellular 
bioerqineerin;J techniques to provide a broad ran:J? of 
cell response infomation as a result of toxic 
chall~. 'lhi.s validation effort will demonstrate the 

"- 'Capability of the Illlltivariant detector cliagoostic 
'Jilatrix to provide a greatly increased level. of cell 

-." fespa.se infcmuaticm in a sin;Jle experiment. Additional 
~ of cell culture chall~ with krIarm toxic 
substances will be CX'IIp3red with simi 1 ar challenged 
whole animal model s to evaluate the extent to which this 
technique will function as an alternative to whole 
animal test:in;J. 

H. EXA:C1:ED mID m:>ilJCl'SjUSERS: 

46 

------------------------------------



• 

I. 

J. 

1. A new basic research iiR?roa.ch of cellular functions 
will pravide far greater infonoation content in 

,","--, in:lividual experiments, am introduce new 
"" """" experimental awroa.cnes to re search on cell 

mechanisms. Users: General scientific CCII'I!I.1l'lity. 

2. A new ~ch to toxicological screenin:J of 
hazania.ls biological am dlemical substances in 
U.S. Navy ocx'upational am c:perational 
erwirormlents. '!he ~ch will provide the 
capability for m.:>re rapid am sensitive hazard 
evaluation which is better adapted to the screenin:J 
of the large I'lIlIIiler of potentially toxic in:iustrial 
materials which are contirrually bein1 introduced 
into the U.S. navy. Users: NSMRL, NAVSFA, NRL, am 
MEDCX:'M. 

OIlIER OR;ANIZATICNS INVOLVED: 
Contractor: University of Rhode Islam 
Naval Toxicology Unit - Wright Patterson 

FUNDING REXPIRED BY FISCAL YFAR: ($000) 

FY92 FY93 FY94 FY95 FY96 

In-House Personnel/OVert!ead 195 278 278 250 210 
Contracts 85 90 90 80 
Autanatic Data Processin} 
Equipnent (Task-flmded): 

Acusyst-p Perifusion Syst. 77 
Fluorescent Act. Cell Sorter - 150 
Gel Elect:rq:iloresis 15 
Liquid Scintillation Oltr 40 
MisoellaneaJS 35 30 30 30 20 

SUbtotal 392 548 453 360 230 

Equipnent (General FUIpose): 15 15 10 10 
MisoellaneaJS 35 45 40 30 25 

SUbtotal. 50 60 50 40 25 

Military cmstruction: 0 0 0 0 0 
SpeCial Projects 0 0 0 0 0 
GriIiU" Total 442 603 503 400 255 

K. PERSCHIEL REXPIRED BY FISCAL YFAR: 
Onboard ~ available 

Military Officer Total .5 .5 .5 .5 
Military Enlisted .8 .8 .8 .8 
Civilian .8 .8 .8 .8 
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1!dditional Manpower Required for this Work 
Military Officer 0 

"" Military Service Corps 
..... ~:,:. (2300/0840) .8.8.8.8 
'. -Civilian Tedmican GS7/9.8 .8 .8 .8 
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II. NEW STARl'S (N) 

A.; --:-_ j;ffects of fire gases on decranent of Crew mental 
-:acuity am perfonnance 

B. mDKSED PR:lGR1IM ELDIENl'/'I7ISK ARE'A,.I"mSK TITIE: 
6.3/Bianedical suwort for suhnarine systems 

c. NEW S'l2UU 

D. mDKSED S'l2UU ur.TE: FY92 FIRST mDKSED FY88 

E. O~: Establish stamaJ:tls am a predictive l1Ddel 
for assessin;J dec:temellt in human perfonnance, mental 
acuity am decision ~ associated with an 
at:mcsp1ere contaminated with fire gases, fran I::Jurnin;r 
material, used aboani U.S. Navy sllhnarines am surface 
ships. the perfonnance assessment will be incol:pOrated 
by NAVSFA into specifications for materials to be used 
aboani U. S. Navy ships, specifications for shipboal:d 
fire sensors, am fire damage oolltrol protocols. 

F. RATIOOAIE: In a military operational environment, the 
ability to make correct decisions abrut ship 
operations, uOOer vary adverse damage am fire 
situations, is critical. the effects of C"Y'J!'bJstion 
products is a serious prd:llem, with an ill'lllE!diate 
negative PlYsical am psychological inpict. Peak 
perfonnance is desirable h1t unattainable uOOer these 
conti.tions. Under conti.tions of high levels of CO, 
CO2, heat, reduoed oxygen am strenuous Pll'sica1 
exertion, mental acuity is affected am the ability to 
make oou:e..."t decisions !:leo Ii"" qJeStianable. the 
oonoentration levels of fire by products, that produce 
iDprlnnent of mental abilities, are not well defined 
am the :interactive effects of lIIlltiple fire by 
products, resultin;J fran sbiptoud fires, are not 
kn:IWn. At sane level below lethality, or ci:Nious 
iDprlnnent, the ability to make consistent SOI.Ini 
rational jujgments may be seriously degraded due to the 
Jnhalation of fire by~. 'lhis area is not bein:] 
iIdclressedby the civilian sector, whic:h is 1ID:t'e 
ocn::ernej with fire by-product lethality am time to 
escape, rather than with CCIltim.Ii.n;J operations. Of 
additional coooern to Navy-unique operations is rapid 
infiltration of fire by-products into vital shipboal:d 
spaces. Consequently, the Navy lI'IJSt detel:mine the 
levels of ccIIi>ined fire by~ that can be present 
am tolerated without seriously affectin;J the 
jn:lgnelJtal abilities of operatin;J perscrmel in 
shipt)()!!J::d enviwllmellts, in order that ~riate 
stamards for perscrmel protection can be established. 
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In view of the extreme hazards of a ship fire, a Ship 
_, -SuJ:vivability Program (Ship Damage Control Ptcxp:a.n, 
-.': :.PlO::JLam SUnmaLy March 1985, Naval sea Systems Ccmnand 
- - .05R23) has been established unler the cognizance of eN) 

(SUrface Warfare) OP-03. umer this pLO;jLam a 
suwortirg' effort in Passive Fire Protection has been 
inplemented. (Passive Fire Protection SynJlositnn 16 ocr 
1984, Naval sea Systems O'mnand, Naval Material 
O'mnand, Naval Resnrch laboratory). 'lhe objective of 
this Passive Fire Protection Program is to prqJOSe and 
evaluate experimental passive fire protection systems 
to increase the SULVivability of both surface ships and 
sntmarines. In additien, a Live Fire Test Ptcxp:am has 
been initiated by the Office of Secr:etary of Defense 
(OSD). '!his prog±am was mandated by O;u:p:ess by the 
FY87 Defense Authorizatien 1\ct, whim was further 
amended by the FY88-89 Defense Authorization 1\ct. '!he 
mission of Live Fire Test and EValuation is the 
assmsment of vulnerability and/or lethality of a 
system unler realistic conditions. 

NAVSFA (05R23) funded tTNO workshcp; at NSMRL, in FY85 
and FY87. 'lhe first of these 'NOrkshops reviewed 
cun:ent knc1.iled;Je on effects of fire gases on mental 
acuity and decisiOll-lllakin;. 'lhe second 'NOrkshcp 
assennled an int:eLdisciplinazy panel of Fhysicians, 
Fhysiologists, psydIologists, toxicologists, and 
statisticians to consider requirements for an cptimal 
research protocol. 'lhe 'NOrkshcp results have 
demonstrated the experimental feasibility of 
Leo "I!endations for an adlievable research protocol. 

G. APPRtWlf: 'lhe resnrch prcxp:am has been planned for 
three ~, with each ~ constit:uti.n;J a "go-no go" 
decisien point, based en ptcxp:ess and feasibility. 

Blase 1 will be ccncemed with the establishment of 
presunptive baseline values for perfOLlJlaIXle decLaellt, 
as a fun±ion of caLi:Joxyhemoglobin (HbCX» levels, and 
the seJ.ectien of p:tqJE!L' perfOLlJlaIXle tests to reflect 

-- -dectauents of decisiOll-lllakin; and Dental acuity. 'lhere 
.. is a laxge aor:mrt; of scientific literature on the 
effects of HbCX> levels en human perfOLlJlaIXle, ani a . 
review of this literature will pLOVide an adequate, 
initial estimate of CXIlb levels whim affect Dental 
acuity and decisiOll-lllakin;. candidate ~ systems 
for cognitive perfOLlJlaIXle deteJ:minatien, whim loIere 

rec:x:mDended at the 1987 WoLitshqJ held at NAMRL, incl.ude 
the Unified Tri-l3ervice OJgnitive PerfOLlJlaIXle 
Assessment: Battery CUR=-PAB) and the Autanated 
PerfOLlJlaIXle Test Battery (APl'S), and the 

50 



Neurobehavioral Test Battery • 

. :._Aparallel effort will be initiated to develop a 
:'~·.JDathematical 1IDdel to predict PJ,ysiological ani 
. "-.psydlological perfOIlllaIn! decrement due to specific 

fire gas stressorS, i.e., 00, 002, heat ani exe=ise. 
'lbe JOOdel will be based on established Fractional Dose 
Equations (mE) for CCIIiJined stressors. Olrrent 
fractional dose JOOdels are ocn:Jerned with 
incapacitation rather than decrement. 'lberefore, the 
mE equations lII.ISt be established for decrement in 
mantel acuity ani decisi~ rather than 
incapacitation. After the determination of presllllptive 
baseline values, human pilat stu:iies will be perfonned 
for validation ani refinement of the researdl protocol. 
Calpletion of :Rlase 1 will establish an initial 
decision point for the Pzogram. 

:Rlase 2 will consist of full scale studies usirq human 
volunteers. 'lbe researdl protocol will use a "step-up" 
cq:proadl to exp:sure to mixed stressors, as reccJIIIIen:ied 
by the 1988 Workshop scientific panel. In this 
cq:proacil, exposllre to an additional stressor will be 
administered aa:titively in an asoen:tin;J concentration 
to the previoosl.y deteJ:mined concentration of stressor 
(or stressors), ~dl prcrlllcai mini:mal performance 
decrement. 

Based on the results of :Rlase 2, a decision will be 
made as to whether the effects of additional fire gas 
products shoold be deteJ:mined for the 1IDdel e.g., ~, 
HCl. ShcW.d this be desirable, further experiments 
will be perfonned on anilDal. test subjects, ani the 
anilDal. results extrapolated to the human 1IDdel. 

:Rlase 3 will be ocn:Jerned with the ~ication ani 
validation of the researdl results to operational 
scenarios. 'Ibis will be a<XXIIplished ~ a joint 
effort with the Naval Fleseardl Iaboratozy (NRL). 'lhese 
stu:iies will be perfonned at the large seal e fire test 
facility at Md:>ile, Alabama, where the capability 

--exists for IID'Iitorirq the pertinent parameters, Le., 
. fire gas Oorx:lentration, smoke, heat, mass loss ani rate 
of J::uild-up. 'Ibis ~ of the work will be prbnarily 
umer the direction of NRL. A joint report on the . 
final. results of this researdl pzogLam will be made 
with NRL. 

H. EXPEX::IHJ 1RlOOCl'S/USER: Human perfOIlllaIn! starxiard for 
fire sensOr design, test protocols ani am ~ 
limits for fire involvement: aboal:d Navy platfOJ:1llS, ani 
re 'liiieroations for fire dirmage control protocols ani 
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equipnent. USERS: NRL, NAVSFA, OiNAV, USARIEM. 

~. ". - -

r.--':i:iim:R IABJRA'lORIES INVOLVED: 
-NRL, NMRI 'lbxi=logy Detadnnent, USARIEM 

J. FUNDING ~ BY FISCAL YFAR: FY92 FY93 FY94 

In-house personnel/overhead 125 125 61 
Contracts 20 0 0 
Equipnent 11 5 0 
8uR>lies 17 10 2 
Travel 4 3 2 
Mise 3 2 0 

'lOI'AL lS0 145 65 

K. PERSONNEL ~ BY FISCAL YFAR: 

Onboard Marp:Jwer Available 
for this work FY92 FY93 FY94 

Military Officers (total) .5 .5 .4 
Military Enlisted .4 .4 .4 
Civilian (total) 1.1 1.1 1.1 

'lOI'AL 2.0 2.0 1.9 

Mlitional Marp:Jwer Required 
for this work 

Military Officers 0 .5 .5 
Military Enlisted 0 0 0 
Civilian GS-645-7/9 .S .S .S 

'lOI'AL .S 1.3 1.3 
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II. NEW STARlS (0) 

A.:-::-_~: Evaluation of HP-9000 cx:.up.zter sonar displays 

B.m:>Rm:D mJGRlIM EUMENl'jTlISl{ TITlE: 64 

c. STA'lUS: New start (First Prcposed FY88) 

D. PR:>Rm:D S'UIRl' IlI\TE: FY92 

E. O~: 'lb evaluate all the display categ'ories 
available on the HP-9000 cx:.up.zter and to reo ",lend the 
JOOSt effective use of color- and syDi:lol-oodin;J for 
each. 

F. RATIOOAIE: '!he snbnarine force is deployin;J HP-9000 
micro-catplters t:hJ:ooghalt the fleet. 'Ihese will 
present varioos visual displays which will be used for 
a variety of p.u:pc ses. '!he displays, 1.D'll.ike previoos 
CRl' displays, will be color-ooded in addition to the 
use of syDi:lol cxx:les. 'lb get the JOOSt benefit fran 
these displays, each shoold be analyzed to ensure the 
color-c:::oc:iin] and use of syDi:lols c:onfonos with human 
factors principles. On the GEnSIT display, f= 
exanple, \\Ie can test the degree to which syDi:lols are 
confused with other syDi:lols: alternate syDi:lols can be 
recx:mneIXled. Previoos work at NSMRL has developed 
tedmiques f= analyzin;J quantitatively the 
effectiveness of col= c:xxiin; in visual displays. 

G. 'lmINICAL 1\PPR01ICH: '!he response times and errors of 
observers atte!Iptizq to extract infonnation fran each 
display will be measured as a function of ~ in 
the color- and syDilol-oodin;J. 

H. ElIPEX!l'ED JmWCI'SjtJSERS: '!he specification f= c.ptimal 
color- and syDi:lol-oodin;J will be used by systems 
designers and the qlel'ators. 

I. 0lHER CR;ANIZATICHl INVOLVED: Nale. 

J. --FUNI>Ioo RJ:QJIRED BY FISCAL YFAR: ($000) 

FY92 FY93 FY94 

In-House Personnel./OITetilead 100 110 120 
cattracts 0 0 0 
Autanatic £2ta PLCJO:!SSin;J 10 10 10 
EquipIent (task fun:led) 30 0 0 
MiscellaJ'leQlS 10 10 10 
Militazy O;aISt:tuc:tion 0 0 0 
Special Projects 0 0 0 
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Total 150 130 140 
~. 0"_-' __ 

K. "_~PERsooNEL REXJJIRED BY FISCAL YEAR: 

onboard Manpc:Mlr Available 
for this Work 
Military Officer .4 0 0 
Military Enlisted .4 .4 .4 
Civilian (GS-18o-13) .3 .3 .3 

Subtotal 1.1 1.1 1.1 

Idlitional Manpc:Mlr Required 
for this WOrk 
Civilian (GS-18o-11) .8 1.2 1.2 

(GS-18o-5) .5 .5 .5 
Total 2.4 2.4 2.4 
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II. NEW STARl'S (P) 

A. _c-_ -Trru:: Fcurier Transfonns of Target StiJIuli for ',:.--inproved oetectability 

B. ffiORJSED ~ EUMENl'/T1ISK TITI.E: 61 

c. STA'lUS: New start (Fixst prqx:sed FY88) 

D. ffiORJSED STARr Di\TE: FY92 

E. OB.JECl'IVE: To inprove sonar target detection by 
transfonnin;J the target signal into a perceptually more 
salient signal. 

F. RATIctIAIE: MJdem signal-processirq t:.edmiques enharx:e 
sonar operator perfOnnan:lE! by CCIlplter manipllation of 
the target's auditory signal into a visual display. 
E.'v&y visual stiJIulus can be broken down into a set of 
c;c "I a lent sinlsoidal gratirqs of various frequencies, 
anplitudes, am orientations. 'Ihese can be transfonned 
into different wavefonns am then resynthesized into a 
visual ilrage. '!he aim of this research would be to 
detennine if sud!. transfomations result in a more 
salient visual ilrage - that is, in a more detectable 
target for the sonar operator. If so, _would 
investigate whether there are any general principles 
which govem the transformation of any sonar signal into 
a more detectable visual L target. 

G. TEDlNICAL~: High-quality analog signals taken 
fran recordin;Js made at sea will be presented to 
cbsavers both in their original fom am filtered 
versions. Target detec:tability will be C'lCJI{'ared for 
the various presentations. Results with laboratory 
cbsavers will be calfil:med with experienced sonannen. 

H. :EXPEx::l:ED ERXlJCl'S,IUSERS: '!his research should prcxluce 
specifications for CCIlplter transfomations of sonar 
signals which will result in greater visual saliency 
am target detec:tability. '!he results will be used by 

- -" _"System designers am ultimately" by sonannen. 

r.- 0!mR ClQNIZATIQIS INVOLVED: NUSC am the snbnarine 
operatialal. forces. 
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II. NEW STARI'S (Q) 

A. --:--mu:: 'lhree.diJnensional sonar and fire control 
-- -~:displays 

B. mC>KISED PR:lGRAM EIDIENI'S: 

c. STA'lUS: New start 

D. ~Km:D STAR!' DM:'E: FY92 

E. OBJEX:l'IVE: 'lb inprove the localization of sonar 
contacts thralgh the use of three diJnensional and 
perspective visual displays. 

F. RATIOOAIE: Certain sonar and fire control visual 
displays locate own ship relative to external lan:hnarks 
or contacts. '!his information is currently displayed in 
a bio diJnensional visual representation that is 
frequently difficult for the qlerator to inte:t:pret. 
With new <X1Iplter ilnagirq tedlniques it is now possible 
to present this same information as a three diJnensional 
display with the position of own ship clearly depicted. 
'!his added diJnension :iJtproves the ability of the user to 
detect the targets presented on the display and to 
locate them relative to own ships headin;J in both 
distan:le and relative depth. '!his rescan:n will 
evaluate the use of three diJnensional and paspective 
displays for possible adcption for use on critical US 
Navy snbnarine displays such as sonar or fire control. 
'lhe role of color CXldin:J in iDprovirq performaooe will 
be also evaluated. 

G. 'lmlNICAL APmOACH: Different visual displays will be 
generated on the RAMl'EK visual display lIIJIlitor. 'lhese 
displays will be either bio or three diJnensional. 
Volunteers will be asked to detect contacts and to 
locate them in 9p!lOC on several different displays. 
Response times and rami:ler of errors will be measured. 
J!oth c:cnventianal and three dimensional (paspective) 
displays will be evaluated. Performaooe in 
-Dultiocnt:act soenarios will be included in the 
evaJ.uatian. In a seccn:i Ji!ase color CXldin:J of 
different types of contacts will be enployed in 
conjunction with perspection. 

H. ElIPEX::lUJ PRXl1Cl'S: '!his research liCUld result in 
greatly .inproved design of visual displays with 
subseqJent in'provenWant in the ability of the snhnarine 
to detect, locate and evade or attack contacts. 
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I. 0lHER OR:;ANIZATICNS: None 

" ~. -.... --

J.···::·FUNoING BY FISCAL YEAR: ($000) 

FY92 FY93 FY94 

In-House Personnel/OVerhead 134 138 142 
Contracts 0 0 0 
Autanatic Oita Prooessin;J 10 10 10 
Equipnent (task funJed) 20 0 0 
MiscellaneaJS 10 10 10 • 
Military Construction 0 0 0 
Special Projects 0 0 0 

Total 174 158 162 

K. PE:R.':lOONEL ~ BY FISCAL YEAR: 

Onboani ~ Available 
for this Work FY92 FY93 FY94 

Military Officer 0 0 0 
Military Enlisted .S .S .S 
civilian (GS-18Q-13) .4 .4 .4 

SUbtotal. .9 .9 .9 

Additional ~ Required 
for this Work 

civilian (GS-18Q-ll) .8 .8 .8 
(GS-18Q-S) .8 .8 .8 

Total 2.S 2.S 2.S 
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~ TABlE FtR AOOITIOOAL PERSOONEL 
,<.::. :" ." 

Fll91 Fll92 Fll93 Fll94 Fll95 

Auditory classification 
Military Officer 0 0 0 0 
Military ~rt .2 .2 .2 .2 
Civilian Professional ' 1.0 1.0 1.0 1.0 
Civilian ~rt .6 .6 .6 .6 

'lbtal 1.8 1.8 1.8 1.8 
• 

Auditory detectability 
Military Officer 0 0 0 0 
Military~ .4 .4 .4 .4 
Civilian Professional .8 .8 .8 .8 
Civilian ~rt .4 .4 .4 .4 

'lbtal 1.6 1.6 1.6 1.6 

stress proteins 
Military Officer .8 .8 .8 
Military ~rt 0 0 0 
Civilian Professional 0 0 0 
Civilian ~rt .8 .8 .8 

'lbtal 1.6 1.6 1.6 

Transmitt:in;J sonars 
Military Officer 0 0 0 0 0 
Military~ 0 0 0 0 0 
Civilian Professional .8 .8 .8 .8 .8 
Civilian ~rt 0 0 0 0 0 

'lbtal .8 .8 .8 .8 .8 

Joysticks 
Military Officer 0 
Military~ 0 
Civilian Professional .6 
Civilian SlJI:llOrt 0 

'lbtal .6 

Acoustic habitability 
MiIitazy Officer 0 0 0 
Militazy~ 0 0 0 
Civil:ian Professional .1 .1 .1 
Civilian SlJI:llOrt .2 .2 .2 

'lbtal .3 .3 .3 

em' displays 
Military Officer 0 0 0 
Military~ 0 0 o. 
Civilian Professional .8 .8 .8 
Civilian ~ .8 .8 .8 
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Total 1.6 1.6 1.6 

~. 0".-. __ FY91 FY92 FY93 FY94 FY95 
-.- ". 

EKG evaluation of armythmias 
Militazy Officer 0 0 0 
Militazy suwort 0 0 0 
civilian Professional 0 0 0 
civilian suwort 0 0 0 

Total 0 0 0 

Performance asscssmnt 
Militazy Officer 0 0 0 0 0 
Militazy suwort .4 .4 .4 .4 .4 
Civilian Professional .4 .8 1.6 1.6 1.6 
Civilian SUWOrt .8 .8 .8 .8 .8 

Total 1.6 2.0 2.8 2.8 2.8 

Periscope scannirq 
Militazy Officer 0 0 
Militazy SUWOrt 0 0 
Civilian Professional .8 .2 
Civilian SUWOrt 1.6 .2 

Total 2.4 .4 

Inumme system 
Militazy Officer 0 0 0 
Militazy SUWOrt 0 0 0 
Civilian Professional .8 .8 .8 
Civilian SUWOrt 0 0 0 

Total .8 .8 .8 

Atrial septal defects 
Militazy Officer 0 0 
Militazy SUWOrt 0 0 
Civilian Professional 0 0 
Civilian suwort 0 0 

Total 0 0 

Cellular bioen;rineerirq 
Militazy Officer .8 .8 .8 .8 
Mil:!tazy SUWOrt 0 0 0 0 
Civilian ProfeSsional 0 0 0 0 
CiVilian &JRlQrt .8 .8 .8 .8 

Total 1.6 1.6 1.6 1.6 

Fire gases 
Militazy Officer 0 .5 .5 
Militazy SUWOrt 0 0 0 
Civilian Professional 0 0 0 
Civilian S\lR)ort .8 .8 .8 

Total .8 1.3 1.3 
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FY91 FY92 FY93 FY94 FY95 

Evaluation of HP9000 
Militmy Officer 0 0 0 
Militmy S\.WOrt 0 0 0 
Civilian Professional .8 1.2 1.2 
Civilian S\.WOrt .5 .5 .5 

• Total 1.3 1.7 1.7 

Fourier transfotlllS 
• Militmy Officer 0 0 0 

Militmy S\.WOrt 0 0 0 
Civilian Professional .4 .4 .4 
Civilian S\.WOrt .4 .4 .4 

Total .8 .8 .8 

3-D sonar displays 
Militmy Officer 0 0 0 
Militmy S\.WOrt 0 0 0 
Civilian Professional .8 .8 .8 
Civilian S\.WOrt .8 .8 .8 

Total 1.6 1.6 1.6 
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III. ~ AND FACILITIES: 

A. ::~.-F.quipnent: ($000) 

FY90 FY91 FY92 FY93 

Work Unit Equipnent 
New (CNer 5K) 
Replacement 

General PUrpose Equipnent 
New 
Replacement 

GRAND 'lUl'AL 

62 104 110 

100.7 

162.7 104 110 

Identification and Justifications for items CNer 5K 

FY90: 

FY90: 

FY91: 

New Work Unit Equipnent. 
Hearin;J OClI1SE!J:Vation: 

D.Ial channel real time frequency 
analyzer 

MlltiprogLanmer 
Head and toLSO sillulatoLS 

subtotal 

New General PUrpose Equipnent. 
GJ:aPUcs plottin;J systan 
Microvax II interface 
PIogLammable array processor 
Medical diagnosis oaxp.rt:er SUWOrt 

subtotal 

New Work Unit Equipnent 
Hearin;J OClI1SE!J:Vation: 

MK 12 helmet 
10 kW anplifier and 

ancilluy equipnent 
UOOerwater projectors 
Signal generator, 2 Hz to 200 kHz 
GJ:aPUC$ recoLder 

subtotal 

B. Facilities: 

32,200 
16,000 
14,000 
62,200 

16,000 
25,200 
38,200 
21,300 

100,700 

6,000 

21,000 
26,000 
23,000 
28,000 

104,000 

FY89 FY90 FY91 FY92 FY93 

1. Milituy 
Constructioo 

o 80 
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($000) 

Militafl.:¢onstruction· (MIUX:N): 

FY91-92 'NsMRL requested fIm:lin;r to replace the current 
laboratOJ:y spaces with a new buildiIxJ, in the Ion:rRanJe 
Military OJnstruction Plan sul::mitted in March 1989. 
'!his new facility will replace the current three 
laboratOJ:y buildin3s, ~c:h are inadequate for sane 
current am I1llc:h of the lab's projected research. '!he 
new buildiIxJ will allow for inproved sonar :t'escarch,m 
usin;J an inproved Sonar Sinulation SUite am more 
realistic suI:JDarinc environmental. sinulations, through 
the usc of a highly-sq:tristicated Crew Perfonnarx::e 
(Ihysiological am Psydlological) Facility. In 
acktition, an inproved anechoic chaJnbp.r area will allow 
for more c:x:atpretJensive research in hearin;J conservation 
am llElaqhone develqment for sonar operators, am a 
larger Divin;J Sinulation Facility will enable more 
OCIIplex lon:J-tem :t'escarcn to be oon:iucted in the areas 
of sllhnarine escape am rescue. Also, significantly 
larger laboratOJ:y spaces am CCIIplter facilities will 
provide 11llc:h-~ data collection am analysis 
q:porb.mities. '!he new facility will eJ"KXIII'3ss 
~tely 65,000 square feet of space am 
construction is sdleduled to begin (acoordiJ'¥;J to NMRJ)C's 
Synqlsis of RDI'&E strategic (Lorg RanJe) construction 
Plan sul::mitted in May 1989) in 2003 at a CXlSt of $25M. 

FY89 FY90 FY91 FY92 FY93 
2. Special 

Projects 
6371< 432K 20K 175K 25K 

FY89: BuildiIxJ 156 Non-el.ectrical iDproIrements. Buil~ 156 
is the only buildiIxJ at NSMRL that has not had extensive 
reoovation. !IJdl 0 the interior is over 40 years old. 
'!he windows, in particular, are in very poor oorxtition, 
am many of them do not close prcperly. In addition, 
space lII.lSt be set aside am reoovated especially for 

. SUbjects; .so experiments can be carried a.lt on 1Illltiple 
'Subjects sinultaneoosly am in privacy •. '!his, as well 
as other identified dJarx1es, will require reoovation am 
lIICIVEIJIeIlt of partitions. '!he lIIOrk was sdleduled to begin 
in FY89, l:Jut other work in the buil~, specifically 
electrical reoovations, precluded us fran gettin;J this 
lIIOrk urx:Jen!ay. We are currently waitirg for the A&E to 
be oon:iucted, so the actual. work can begin in FY90, at 
an estimated CXlSt of $l5K for the A&E am $150K for the 
reoovation lIIOrk. 
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allldin;J 141 Renovation of the Aned!oic Cbamber. 'Ibis 
CCIIplex has not been used heavily for several years, 

"-inainly because of leakage of water through the roof and 
·.-~"··the possible pr;sence of f:il:lerglass particles in the 
.. -air. Nc1N, however, there .is project work that will 

require, at sane time, the use of this facility. '!he 
initial A&E for dismantlin;J the facility has been 
CCIIpleted and the A&E for reWildin;J the dvDnher .is 
partially CCIIpleted. '!he latest figures available are 
at:1'roximately $440K to CCIIplete bath p:w;es of the 
project (rip-azt and re-blild) in FYgo. 

arildin;J 141 Installation of HVAC in AnilDal Facility. 
'Ibis project was to be CCIIpleted in FY89, rut the c::llan3"e 
in PUblic Works' ~ pzl.'lC8iures preclWed our 
gettin;J a contract let this FY. the cxmnard 'NeIlt back 
to NMRDC and requested that the mney for this work be 
reprogramned for next FY. Olrrently, PUblic Works is 
waitin;J for the laboratory to notify them of the 
availability of fun:tin::J for next year, so they can begin 
the contractin;J process. '!he project is sd!eduled to be 
CCIIpleted in FY90; at an estiJnated cost of $SSK. 

arildin;J 148 Renovation of Librazy Spaces. '!he 
laboratory's librazy is in need of considerable 
renovation. '!he floor SIJRlOrts need c::ileckin3', new 
lightin;J installed, and additional space i desperately 
needed, bath for periodicals and books, as well as for 
study and writin;J space. '!he A&E process .is l.II'dmway, 
and the project shalld be CCIIpleted in FY90, at an 
est:i:ma.ted cost of $SOK. 

arildin;J 141 Misoellaneoos Inprovement:s. A variety of 
inprovemerrt:s need to be carried wt. Old wimows need 
to be replaced, the electrical system needs to be 
upgraded, sane new office spaces are required, the 
entrance ratIp lII.lSt be Dr:ldified to allow entry by 
harxtica(:ped persamel, and the existin;J cJJ!!!!I=wftiter 
facility needs to be repaired and Dr:ldified. We are in 
the pzooess of specifically identifyin;J the tasks to be 
CCIIpleted, so the A&E pzooess can begin. '!he jd:> is 

""SdIecluledto be CCIIpleted in FlC90, at the estiJnated cost 
of $SK for the A&E and $451< for the renovations. 

arildin;J 148 Renovation of Head Facilities. '!he head 
facilities in Wildin;J 148 are totally inadequate. 
'!here .is a ladies' facility on the secon:i deck and a 
men's facility en the first deck. Neither of these 
oontains a ~. '!he cnIy ~ facilities in the 
Wildin;J are located in the baserent, and are UIjjer the 
cognizance of the Dental Clinic, and caJ'lOOt be rea.dled 
withcut goin;J wtside of arildin;J 148. In the existin;J 
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heads, the pluni:l~ is old ani requires frequent 
repairs, ani there are J'¥) han:li~ facilities in the 

'- :l:W.l.~. 'lhe A&E process is slated to begin soon, at 
-,:&1 estimated cost of $4K, with renovations to be 

"-ClCIIpleted in FY90, at an estimated cost of $50K. 

FY90: Buil~ 148 T.Jpgrildi.rq of Electrical Wir~. 'lhe 
c=rent wir~ in this l:W.l.~ is inadequate for the 
amunt of electrical equipnent: ~ utilized. nus is 
especially true since personal catplter workstations 
have been introduced, as part of the laboratory's 
addition of an ElHERNEI' Local NebIol:X. When more than a 
minim.mt of equipnent: is tumed on, the circuit breakers 
begin blClWin;, shut:tirq evetythin;J c:1a.m., until they are 
reset. nus reDKJVes evezythin;J that has been prt: on a 
catplter, that has not been saved, as ~l as caus~ 
electrical prci)J.ems with the printers. nus work is 
scheduled to ~ in FY90, with the work ~ 
CCIIpleted dur~ that FY or in early FY91. 'lhe 
estimated A&E ClOSt is $20K. 

Buil~ 148 Installation of a Han:li~ Ranp. As it 
oow stams, handican;>ed personnel cannot easily enter 
this b.ti.l~. since the b.ti.l~ already has a catwalk 
leadin;J into it fran the rear, it woold be a s:iJrple 
matter to add slq:>~ raJIIlS to the ends Of the catwalk. 
nus work will be ClCIIpleted dur~ FY90, with the A&E 
ocsts estimated at $2K. 

FY91: Buil~ 148 storeroan Reoovation. 'lhe storeroc:m in the 
basement of Buil~ 148 leaks loilen it rains, 
~in;J our stored files ani eqllipnent. nus work 
is scheduled to begin in FY91, with work ClCIIpleted in 
FY92. 'lhe estimated cost is $60K for the A&E ani the 
renovations • 

IV. MANAGmENI' AND SUPK1Rl' NA 
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V. LABORATORY ORGANIZATION 

~ .. "'- - .'. 

-

OFFICE .OF THE COMMANDING OFFICER 

COMMANDING OFFICER 00 • .. 
EXECUTIVE OFFICER 01 • 

SPECIAL ASSISTANTS * 
CHIEF SCIENTIFIC ADVISOR 02 

COMMAND SENIOR CHIEF 03 
I BOARDS AND COMMITTEES ALLOTMENT ADVISOR 04 

INTERNAL REVIEW 05 

SAFETY OFFICER 06 

SCIENTIFIC PROGRAMS 07 

. 
BIOMEDICAL SCIENCES TECHNICAL SYSTEMS 

DEPARTMENT 10 DEPARTMENT 30 
I--

BEHAVIORAL SCIENCES· RESEARCH SUPPORT 
I--

DEPARTMENT 20 DEPARTMENT 40 

-. --

SUBMARINE SYSTEMS I 

DEPA.f.tTMENT 50 -
, 

* COLLATER~L DUTY 

DATE: APPROVED: !Jt ~ ~ 
~ .{~ 

A-1....,........,... .:..-i-. 
.' ~ '1r'/ "-'Jr / ./ ,-. .1 COMMANDING OFFIcERC.A-. HARVEY, CAPT. MC USN 

NAVAL MEDICAL RESEARCH NAVAL SUBMARINE MEDICAL 
AND DEVELOPMENT COMMAND RESEARCH LABORATORY 
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VI. FISCAL SUMMARY: ($000) 

Pttx;JLdlll 
,.- ." 

,".':--,-" 

Element Task Title FY89 FY90 FY91 FY92 FY93 

61152N In:leperxient Research 
Event related potentials 50 77 0 0 0 
Analysis of prcblems 0 141 138 138 0 

[Directors F\mi 
sul::mission 1 

SUbtotal 50 218 138 138 0 

Cell culture modelirx] 114 126 136 148 0 
SUbtotal 114 126 136 148 0 

63706N Sea trials 375 400 400 0 0 
Digital sonar* 200 0 0 0 0 

[*transitioned to 
6.5 in FY90l 

SUbtotal 575 400 400 0 0 

63713N sutrnarine rescue 420 428 434 452 484 
Hearirx] conservation 0 204 398 418 411 

SUbtotal 420 632 832 870 895 

65856N Auditozy sonar 410 480 480 480 610 
visual sonar 290 468 470 470 570 
Digital sonar 0 251 250 251 220 

SUbtotal 700 1199 1200 1201 1400 

'IDI'AL DIREX:!I' 1859 2575 2706 2357 2295 

61153N em - AuditoLy 119 59 0 0 0 
classification 

1GAV600 VA - Psycilc.plysica1 48 52 24 0 0 
pLClCWPmes 

'IDI'AL~ 167 111 24 0 0 
., 

GRAND 'IDI'AL 2026 2686 2730 2357 2295 
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VII. PERSOONEL SUMMARY FY90 - FY93 
~<:. - .-. 

A. TaSJe:related: (Work years) 

FY89 FY90 FY91 FY92 FY93 

Military officer: 6.3 7.0 7.6 7.6 7.6 
Military Enlisted 7.2 9.1 9.1 9.1 9.1 

Civilian Professional 10.9 14.7 15.5 17.1 17.5 
Civilian ~rt 9.1 11.5 15.5 15.5 15.9 

~ 33.5 42.3 47.7 49.3 50.1 

B. Administrative Sel:Vices (Work Years) 

FY89 FY90 FY91 FY92 FY93 

Military Officer 3.6 3.4 3.6 3.6 3.6 
Military Enlisted 4.5 4.5 4.5 4.5 4.5 

civilian Professional 1.7 1.7 1.7 1.7 1.7 
Civilian ~rt 7.3 8.9 9.7 10.5 10.5 

~ 17.1 18.5 19.5 20.3 20.3 

'lOrAL~ 68.0 76.0 84.0 87.0 88.0 

,. 
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VIII. ISSUES 

CIVILIAtf,,~ - the civilian 'NOrk force at the Naval 
Subnarfue'Meru.cal Research Ial:loratory has shrunk in size aver the 
past eight 'years fran an average of 85 enployees, with a peak , 
staff of 91 in FY85 ani FY86, to a current level of 69 
in:lividuals. Present staff~ levels, research pcc::x;p:ams, ani 
fun:lin;J are lower than we oansicler neoessary to oon:iuct the best 
research ani to justify the administrative SURXlrt necessary to 
acx::arplish our missioo. M.tltiple factors have contril:uted to 
this shrinkage. Several core pcogLams have been teIminated or 
transferred fran this laboratory wit:.haIt replacement by other 
programs. Atterdant fun:lin;J cuts ani hir~ restrictioos, 
iPp"SEd by our parent cxmnan::l, have made it iDp'lSSible to replace 
personnel lost by natural attritioo. the laboratory has also 
lost several senior scientists throogh retirement ani death. 
these leadership positioos IIllSt be filled as soon as the 
restrictioos are lifted ani fun:lin;J is assured. the laboratory 
has tenporarily assigned several staff members to L'9SeaLd\ 
projects outside of their primary area of expertise, in an effort 
to redress the imbalances ani to maintain our broad spectrum of 
expertise. We have also proposed several reseaLd\ programs which 
would produce 'NOrthwhile products ani IlDre awropriately use 
these scientists. HcMever, selected reductioos in force may be 
necessary if PLUf<l'Sed 'NOrk units are not awroved for FY90 ani 
mismatdles of expertise continue. 

MILITARY STAFFING - D.Ir~ FY89, three of the five Medical COLps 
Officers have or will be transferr~ or retir~ wit:.haIt 
projected replacements. the Medical COLps Officer, seLV~ as 
carman::Ii.n;J Officer, will be replaced by a Dental COLps Officer. 
In FY90, both the Fiscal Officer ani the Jldministrative Officer 
are sdleduled for rotatioo. With the shortage of senior civilian 
staff ",eniera, the experience of the staff is be<xrnirq =itically 
lOW'. As this situatioo declines, the iqlact is a severe loss of 
coLpOrate mem::ILY ani a fI.lrtheraIXle of the =itical imbalance 
between scientific ani SURXlrt staffs. 

the saturatioo div~ pLo;ILam utilizes all staff enlisted members 
as watdlst:an::lers for d1amber qJerations. '!his deman::ls an 
extensive ~ ani qualificatioo pcc::x;p:am in ctvmt>er 
qJeraticiiS; SUch apcogLam is man-ha.Ir intensive. To allOW' for 
maximJm efficierx::y of qJeratioo ani ultimately, pLc::x;p:am 
expansioo," staff~ the laboratory with a cadre of well-trained 
divers would cq:pear to be in order. the laboratory had requested 
10 sudl. billets hIt there is little hqle of their CLeatiOO 
wit:.haIt suppJrt of higher edlel.ons. 

FUNDING -~ levels have fluctuated ani the full utilizatioo 
of these 1Ialies has been possible ooly late in the fiscal year. 
'lhus, the laboratory has had to functioo with a cp:eat deal of 
cxmnan::l-c:1iL'ected 'NOLit unit expen::lituLes ani staff~. Tbnely 
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carmit:ments am d:lligations have been extremely difficult. It 
VICUld be highly desirable to receive :fI.lrWJJ;J in each ltIOrk tmit at 
the beg~ of the fiscal year, to alla.' cost center management 
by inveStiqators am departments. In addition, 70% of the 
equipnei1t:an::l. SUWlies p.IrChased this year have been ordered 
using prior year fi.lIm. FY89 fun:i balances are projected to be 
small am use of prior year fi.lIm available during FY90 will be 
minimal. 'lhis will result in a very restricted FY90 fun:iing year 
with substantial shortfalls in manpower, equipDent, material, 
travel, training needs, am potentially, severe sli~ in 
research milestones. 

SUB1\SE SUProRl' - SUWOrt by ~ on the sllhnarine base has been 
marginal due to their shortage of fi.lIm am staff. An additional 
prd:>lem is poor contract preparation am supervision of 
contractor performance. We will continue to ltIOrk as closely as 
possible with them, rut there seems to be little hope of 
significant ilrprovement in their SUWOrt, in view of the oovious 
necessity to SUWOrt the qJetational SlIhnarine force as their top 
priority. . 

NEW RESEARCH - We have prcposed several new starts for FY90 am 
FY91. We VICUld IoIel.cane additional or alternative SI.¥}:1eStions by 
program managers, in tenns of resea:rdl needs perceived for the 
operational forces am within the laboratozy's capabilities. 

RFAD~ - Mcbilization plarming for our militazy staff an::l. for 
logistic SUWOrt of our progLCiii6 is vezy ill-defined. Efforts to 
correct this prd:llem have been stalled by the lack of a war-time 
mission for this cxmnan:l. In the event of a war-time scenario, 
we anticipate that our resources (personnel, property am 
fun:iing) will be redistriruted, rut the extent of redistrillution 
has not been identified. until this is done, the subsequent 
inpict cannot be evaluated nor can ~ plans be 
develcp3d. We have been directed by NMROC to hold the updating 
of our laboratozy JOObilization instruction in abeyance, until 
NMROC has CCIIpleted the update of their own instruction. 
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ANNEX A.>_ :Infonnatial Systems Five-Year Plan 
· .... 

1. ADP Environment 

'!he =ntractin; process initiated in FY88 for the installation of 
a CDDFNOLL passive fiber cptic star nebvork CClI1llE!Ctin:] the three 
WUdin;Js that house NSMRL has resulted in a =ntract with the 
FUSlOO or.TA CXHI CXJl'f"'ny of Norwalk, cr. Work al the project 
began the TNeek of May 22 with all hardware line items delivered at 
that time. Assurances oot withstaniin;J, the anticipated J'leb.1ork 
bridge fran NUSC has oot materialized at this time ani meetin;ls 
are sd1eduled betI;een NUSC ani FUSlOO to identify possible 
alterative links betI;een the two IANs. A minor 100dificatial or 
en;rineerin;J c:ilanJe order to the =ntract may be required to detail 
the final configuratial. Ccl!pletial of the first year 
installation is sd1eduled for June, '89 with additional expansion 
for more PC nodes planned before the en:! of FY89. 

'!he VAX 11/750 ani the 11/730 will be the primary hosts for 
general pnpose CXI!p1tin;J on the J'leb.1ork. the 750 will continue to 
provide SPSSX, INFOCEN, eros ani the recently installed 
~PERFECl'. '!he 730's new availability will make it a viable 
alternative to the 750 for similar functions ani file service. 
Each VAX will be an ideal backup for the other as the J'leb.1ork 
tenninal servers will route users to either imeperxlently. Both 
are on the 15KVA unint:erruptable pc7Net' SUWly (UPS) so they will 
remain ~ durin;J pc7Net' rutages. 

with the J'leb.1ork stJ:ucture established, addin;J awrqlriate host 
nodes to perfOIm specialized operations that can be off-loaded 
fran the existin;J two VAXes has beglm. After extensive revision, 
NMRDC awroved MOP iI 89-01 in Mardl of '89. 'Ibis pL"P;lSal called 
for procurement of a new node with the highest CRJ numerical 
processin;J pc7Net' available for the films allocated. In this case, 
the delayed awroval ~ to oor advantage as it placed us in 
the thick of a major performance ani price war ~ the 
inlustry's tcp players. Digital Fqnipnent cmp, for exanple, 
announced the IRSYSTEM RISC (redUCEd instructial set CXIIplter) 
family of processors in early '89. SUN MICR:SYSTEHS then ClCQltered 
with an -equally attractive line of processin;J servers, the 
SPARCSYSTEM family • unfortunately neither vemor will alla.r 
rIIl'llling-of: custaner berdmIarks, so careful evaluatial of published 
in:'lustry-st:a berdmIarks is necessary to identify the best 
price performance offerin;J. Final procurement will begin in June, 
89 off new GSA cart:ract listings. 

With all the activity in nebvorkin;J ani scientific processirg, the 
area of desktop publishing ani office autanatial lost attention in 
1988-89 ani the planned acquisitial of a publishing statial did 
oot coeur. Failure to replace a critical position in the CcI!p1ter 
ARllications Division for the seocni year ~ was the reason 
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Office 
autanation 

A90605D 

~ "-".-- --' 

provide cx:MP APPS with PC's to better 
BlIWOrt lab users 

laser prter (2)': 'A9060SA 'NOrd processin;J ~lications 
.. -A90621B 

4) I.CN:; RANGE 

additional software packages for new TNOrkstation ~ications 

W;X node replacement 

4. Miscellaneous 

While, it is still too soon to be certain, coooeptually, the network now 
tuner installation very 'Nell ccW.d becane the true replacement for the 2 
shared W;X's that have done the bnmt of lab CCIIp.ltin;J CNer the last 10 
years. '!he addition of high-perfonnance, inexpensive host seJ:Vers am 
PC's will effectively distribute catpItin;J power ~ the lab. 
M.ldl IIOre high-powered 'NOrkstations oorrt:inue to cx:me on the market for 
scientific ~lications am graprics. '!he need for a direct replacement 
of a I11lltiuser system seJ:Vin;J tenninals only is fast discq:pearin;J as the 
pcpllation of desk-top PC's am 'NOrkstations grows. 

'!he lIOst constant need that shows no signs of cflan;j'in;J into the future 
is for skilled ~ am systems peqlle. Estimations of the 
scientific prograII'IIlirx load alone for FY90 :nUl to twice the available 
staff am beyorxi. As hardware proliferates ~ the laboratory, 
requests for assistance, instructions, maintenance, security, am 
trainin:] escalate far above the available capacity. Reorganizin;J the 
CcIIpIter ~lications Division does no good, if new irx:lividuals are not 
hired to fill the created slots. 

5. 0Jrrent Year Procurement: 

a) Systens oostin;J greater than $5000: 

ASDP # cx:m' ($000'5) lESClUPl'Ial 

A90605G 38.2 (general pIn}XlSe films) high resolution image 
processin;J 

A progra!IIIIable array processor with runerical furx:tions blilt in for 
general tTNO-dimensional image processin;J: FFT, 16 color planes, edge 
enhaooement. capable of 1200xl200 16-bit pixel catpItations at milrlnum 
dooble precision floatin;J point bend!mark (LINPAK cb.lble precision 
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MFIDPS) of 15. stan::1ard function subroutine libraIy callable frau 
Fortran or C l~ • 

. " -' .... " 

A90605B 25.2JgEineral pn:pose) data storage, digital 10 

[)JaJ. 150 Mbyte fixed disk storage drives ccmpatible with exist~ 
microVAX disk controller unit ani chassis, installation included. 
Sixteen-bit digital irpltfc::utpIt ports, real tilDe clock, software 
libraIy c:c:upatible with VAX,IVMS qlera~ system ani Fortran lan;Jl.lage. 

A90605J 22.9 (general pn:pose) medical diagnosis, caIplter SUWOrt 

'lhree progLam developnent 'NOrkstations for suwort of in-fleet software 
dur~ seatrials. CaJpatible data storage media with that available 
aboaLd ship, tape backup system, 2400 baud mcxipm for CXJl!!lmications/data 
exchan;Je when ships are in port. 

A906051 16.0 (general pn:pose fI.lms) SPSSXGRAmICS plottin:J 

PC/AT or c:c:upatible with 91-ni:lyte hard disk, high resolution color 
display, VGl\ gL'alilics controller, Ethernet, HP Iaserjet II plotter. To 
SUWOrt SPSSXGRAPHICS software 00ii running on VAXl1/750 at cost of 7. Ok 
per year. 

A90605H 11.1 (OIIeLhead fI.lms) Enet PAL PDPl.1 madUnes interface 

'!he Psyd1oacoostics lab (PAL) PDP 11 CCIIplters oontrol experiments ani 
collect data that lIIlSt be sen:i to other pLOCeSSOL'S in the network. A 
'lO'/IP ccmpatible ethemet interface device with awropriate software 
c:c:upatible with the Rl'l1 qlera~ system of the PAL madUnes ani the 
VAX,IVMS 00 on the VAX's is required. 

A90605D 12.2 (OIIeLhead fI.lms) PC's for CcIIplter AWlications 

PC/AT ccmpatible system (2) with awropriate MSInS awlications for 
fiscal, admini.stJ:ative, ani scientific office autanation. For use by 
CCIIplter AWlications Division peLSOIlIlBl. 

A90605E 7.2 <Ovemead funds) Enet expansion, yr 3 

'lO'/IP Ethernet>haiUwaLe interfaces for ~ PCjAT madUnes with . 
MSInS software ccmpatible with VAX,IVMS. File saLver software to LUll on 
VAX ani provide transparent di.sk,lba9kUP seLVices to PC's. 

A9060SC 14.2 (oveLhead fI.lms) Desk tcp Plblishin;J 
S~le user 'NOrkstation with Postscript laser printer ccmpatible with 
NSMRIINMRDC st.an:W:tl word pJ:ooessin;J packaqe, word Perfect, ani st.an:W:tl 
Plblishin; package, Ventura Publishin;J. 
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b) Syst:ens or ~ costirq less than $5,000: 

A90424A 2.5 ~rlc tmit fun:3s) data storage,. backup 

A90424B 4.6 (work tmit fun:3s) real time experiment cxntrol 

A9060SA 1.8 (overtJead fun:3s) laser printer 

A90424C 0.9 (overtJead fun:3s) dot matrix printer 

A90605F 0.6 (work tmit fun:3s) ~cs tezminal. 

A9062lA 2.7 (overtJead fun:3s) laser printer 
... -

A90621B 4.9 (work tmit fun:3s) pnoyzam develcpnent workstation 

A90621C 3.2 (work tmit fun:3s) program develcpnent workstation 

6. SUmmary of Total IS-Related Costs ($000) 

FY90 FY91 FY92 FY93 FY94 

Nm ADP 45.4 30 35 40 45 

EXP/RPL ADP 36.5 30 32.5 35 37.5 

OIHER ~SOFT 45.0 45 47.5 50 52.5 

SUPPLIES 14 14 14 15 16 

~ 66.4 70 72.5 75 77.5 

'mAVEL 6 6.5 7 7.5 7.5 

ADP S'lUDIES 11 12 13 14 15 

SAIARIES 245 249 252 255 258 , 
'IOl'AL 469.1 456.5 473.5 491.5 509.0 
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